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USE IN LIFE SUPPORT DEVICES OR SYSTEMS MUST BE EXPRESSLY AUTHORIZED 


SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF SGS-THOMSON Microelectronics. 
As used herein: 


1. Life support devices or systems are those which (a) are 2. A critical component ts any component of a life support 
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason- 
or sustain life, and whose fatlure to perform, when ably be expected to cause the failure of the life support 
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness. 


provided with the product, can be reasonably expected 
to result in significant injury to the user. 
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INTRODUCTION 


SGS-THOMSON Microelectronics manufactures an extensive range of memory pro- 
ducts which satisfy the needs of a diverse range of applications. They include, 


Non-volatile memories: EPROM, OTP ROM, FLASH MEMORIES and EEPROM. 
Static RAMs: Fast SRAM, Cache TAGRAM and Burst SRAM, BiPORT FIFOs. 
Zeropower, Timekeeper and Processor Manager specialty memories. 


This databook provides comprehensive, technical information on each family of mem- 
ory products to aid selection for a defined use. 


EPROMs (UV eraseable Electrically Programmable Read Only Memories). This family 
includes EPROMs which can be erased by exposure to Ultra Violet light through a 
quartz window in the package. Data is provided on EPROMs in two technologies, 
CMOS and NMOS, and in densities from 16K bits up to 16Megbits. Memory access 
times for standard products are as fast as 80ns. Programming times have been reduced 
through the use of specially designed ’margin-mode verify’ circuits and new PRESTO 
programming algorithms. For portable equipment some sizes of EPROM are specified 
for operation in read mode down to 3V supply. 


OTP ROMs (One Time Programmable Read Only Memories). These devices are 
similar to EPROMs but are packaged in plastic packages, both Dual In Line and surface 
mounting types. They are not eraseable, but may be programmed one time only using 
the same programming technique as for EPROMs. 


FLASH MEMORIES. (Electrically programmable and Eraseable Memories). The 
FLASH MEMORY provides a new flexibility for the system designer by implementing 
both electrical programming, like an EPROM, and electrical erasure. The erasure is 
either the entire chip or for certain devices by blocks of the memory. This gives the 
devices additional functionality as they can be erased and reprogrammed in the circuit 
board for applications where there is a requirement to change the contents of the 
non-volatile memory. The manufacturing process for FLASH MEMORIES is very 
similar to that of EPROMs thus ensuring a similar evolution of density, performance 
and reliability. 


EEPROMs. (Electrically Eraseable and Programmable Read Only Memories). Differ- 
ent from the FLASH MEMORY, the EEPROM may be erased and written byte-by-byte. 
Two types of EEPROM are included: serial access with buses compatible with IC or 
MICROWIRE” standards, and parallel access devices. EEPROMs are widely used for 
storing equipment parameters or data configurations. The special CMOS technology 
used by SGS-THOMSON allows a guarantee of over 1,000,000 erase/write cycle 
endurance and over 10 years data retention. Devices operate down to 2.5V. 


Fast SRAM. Using a new Advanced CMOS process the Fast SRAM products offer 
access times down to 10ns and are thus suitable for use in high speed applications 
such as computer cache memory systems. Product sizes range from 64K up to 
1Megabit. The memories use a technique known as VBO (Variable Bit Organisation) 
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which establishes the organisation (x1, x4 or x8) at the final metal mask level: this 
enables a rapid reaction to customer orders for different organisations but still maintains 
a short production time for the whole family. 


Cache TAGRAM™. Computer Cache systems are made using a combination of a 
memory to store the cache data addresses (the tagram) and the cache data store (a 
fast SRAM or burst SRAM). The Cache TAGRAM family includes both standard 
TAGRAMs and the SnoopTAG for multiprocessor/dual bus applications. The burst 
SRAM (BRAM) products are 32K x 9 fast SRAMs with internal address counters and 
are designed for use with popular microprocessors. 


BiPORT™ FIFOs. The BiPORT FIFO family is a series of FIFO memories based on 
SRAM technology, with built in address registers for read and write pointers. Sizes vary 
from 512 bits up to 8K bits. The architecture allows both depth and width exapnsion. 


ZEROPOWER™ and TIMEKEEPER™. This range of products satisfies a very import- 
ant sector of applications: they provide fast Read/Write non-volatile memory for use as 
back-up storage, for example during power down. The basic range of Zeropower 
products consists of an ultra low power SRAM, with integrated supply voltage detector 
and a switch-over to battery sustained operation. The packaging includes an integrated 
lithium battery which has the capacity to maintain memory contents for 10 - 11 years. 
Timekeeper products include a real time clock which is also powered by the back-up 
battery during power down. 


SGS-THOMSON has an extensive program of both process R & D and product 
development which results in many new product updates and introductions every year. 
Please contact your nearest sales office to learn about new products that have been 
introduced since this data book was published. 
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The 16 Megabit EPROM developed in 0,6 micron CMOS Technology 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM 


Part Number Organisation Vcc Range Active/Stby Programming eacecer. Package 
64K M27C64A-15F1 5V+10% 30mA / 100A High Speed 0 to 70 FDIP28W 
M27C64A-20F 1 5V+10% 30mA / 100A High Speed 0 to 70 FDIP28W 
TS27C64A-20CQ 5V+10% 30mA / 100uA High Speed 0 to 70 FDIP28W 
M27C64A-25F 1 5V+10% 30mA / 100A High Speed 0 to 70 FDIP28W 
TS27C64A-25CQ 5V+10% 30mA / 100uA High Speed 0 to 70 FDIP28W 
TS27C64A-30CQ 5V+10% 30mA / 100A High Speed 0 to 70 FDIP28W 
M27C64A-20F6 5V + 10% 30mA / 100nA High Speed —40 to 85 FDIP28W 
TS27C64A-20VQ 5V+10% 30mA / 100HA High Speed —40 to 85 FDIP28W 
M27C64A-25F6 5V +10% 30mA / 100A High Speed —40 to 85 FDIP28W 
TS27C64A-25VQ 5V+10% 30mA / 100A High Speed —40 to 85 FDIP28W 
TS27C64A-30VQ 5V+10% 30mA / 100A High Speed —40 to 85 FDIP28W 
TS27C64A-20CP 5V+10% 30mA / 100pHA High Speed 0 to 70 PDIP28 
TS27C64A-25CP 5V+10% 30mA / 100A High Speed 0 to 70 PDIP28 
TS27C64A-20VP 5V+10% 30mA / 100A High Speed —40 to 85 PDIP28 
TS27C64A-25VP 5V+10% 30mA / 100A High Speed —40 to 85 PDIP28 
TS27C64A-20CFN 5V+10% 30mA / 100A High Speed 0 to 70 PLCC32 
TS27C64A-25CFN 5V+10% 30mA / 100A High Speed 0 to 70 PLCC32 
TS27C64A-25VFN 5V+10% 30mA / 100LA High Speed ~—40 to 85 PLCC32 
128K M27C128A-12F1 5V+10% 30mA / 100A PRESTO ll, 2 sec. Oto 70 FDIP28W 


5V+10% PRESTO Il, 2 sec 0 to 70 FDIP28W 


M27C128A-20F 1 5V+ 10% 30mA / 100nA PRESTO Il, 2 sec. 0 to 70 FDIP28W 
M27C128A-20F6 5V+10% 30mA / 100,tA PRESTO Il, 2 sec. —40 to 85 FDIP28W 


256K M27C256B-80XF 1 32K x 8 5V+5% 30mA / 100HA PRESTO Il, 3 sec. 0 to 70 FDIP28W 
M27C256B-10XF 1 32K x 8 100 SV + 5% 30mA / 200nA PRESTO Il, 3 sec. 0 to 70 FDIP28W 


M27C128A-15F 1 30mA / 100L1A 
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CMOS UV EPROM and OTP ROM (cont'd) 


Speed Temperature 


Part Number Organisation 


NOSINOHL-S)DS Shy 


SOINOKADITSIOVDIN 


M27C256B-12XF 1 
M27C256B-15XF 1 
M27C256B-20XF 1 
M27C256B-25XF 1 
M27C256B-10F 1 
M27C256B-12F 1 
M27C256B-12F1L 
M27C256B-15F 1 
M27C256B-20F 1 
M27C256B-20F1L 
M27C256B-25F 1 
M27C256B-12XF6 
M27C256B-15XF6 
M27C256B-20XF6 
M27C256B-25XF6 
M27C256B-12F6 
M27C256B-15F6 
M27C256B-20F6 
M27C256B-20F6L 
M27C256B-25F6 
M27C256B-12XB1 
M27C256B-90B1 
M27C256B-12B1 
M27C256B-15B1 


Vcc Range 


5V +5% 
5V+5% 
5V +5% 
5V+5% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
SV + 10% 
5V+5% 
5V+5% 
5V + 5% 
5V+5% 
5V+10% 
SV + 10% 
5V+10% 
5V + 10% 
5V + 10% 
5V+5% 
5V+10% 
5V + 10% 
5V + 10% 


Active/Stby 


30mA / 200nA 
30mA / 200nA 
30mA / 200pA 
30mA / 200LA 
30mA / 200pA 
30mA / 200nA 
30mA / 100LA 
30mA / 200nA 
30mA / 200pA 
30mA / 100pA 
30mA / 200uA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200pA 
30mA / 100uA 
30mA / 200pA 
30mA / 200pA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 


Programming 


PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO Ill, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO Il, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO Il, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO Il, 3 sec. 
PRESTO Il, 3 sec. 
PRESTO Il, 3 sec. 


Range (°C) 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 


Package 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
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NON VOLATILE MEMORIES 


Part Number Organisation cae Active/Stby 


M27C256B-20B1 SV + 10% 30mA / 200HA PRESTO ll, 3 sec. 0 to 70 PDIP28 
M27C256B-15B6 5V + 10% 30mA / 200nA PRESTO ll, 3 sec. —40 to 85 PDIP28 
M27C256B-20B6 5V + 10% 30mA / 200HA PRESTO Il, 3 sec. —40 to 85 PDIP28 
M27C256B-20B7 5V + 10% 30mA / 200A PRESTO Il, 3 sec. —40 to 105 PDIP28 
M27C256B-15B3 SV + 10% 30mA / 200A PRESTO Il, 3 sec. —40 to 125 PDIP28 
M27C256B-20B3 5V + 10% 30mA / 200pHA PRESTO ll, 3 sec. —40 to 125 PDIP28 


CMOS UV EPROM and OTP ROM (cont'd) 


Temperature 
Range (°C) 


M27C256B-12XC1 5V + 5% 30mA / 200nA PRESTO Il, 3 sec. 0 to 70 PLOC32 
M27C256B-15XC1 SV + 5% 30mA / 200HA PRESTO Il, 3 sec. 0 to 70 PLOC32 
M27C256B-12C1 5V + 10% 30mA / 200A PRESTO Il, 3 sec. 0 to 70 PLCC32 
M27C256B-15C1 SV + 10% 30mA / 200A PRESTO Ill, 3 sec. 0 to 70 PLOC32 
M27C256B-20C1 SV + 10% 30mA / 200nA PRESTO ll, 3 sec. 0 to 70 PLCC32 
M27C256B-15C6 5V + 10% 30mA / 200A PRESTO Il, 3 sec. —40 to 85 PLCC32 
M27C256B-20C6 5V + 10% 30mA / 200A PRESTO Il, 3 sec. —40 to 85 PLCC32 
M27C256B-20C7 5V + 10% 30mA / 200LA PRESTO Il, 3 sec. —40 to 105 PLCC32 
M27C256B-15C3 5V + 10% 30mA / 200LA PRESTO Il, 3 sec. —40 to 125 PLCC32 


5V + 10% 30mA / 200HA PLOC32 
120 5V + 10% 30mA / 200A 
150 5V + 10% 30mA / 200A 
200 5V + 10% 30mA / 200A 
M27C256B-10N1 100 5V + 10% 30mA / 200A PRESTO Il, 3 sec. PTSO28 
M27C256B-12N1 120 SV + 10% 30mA / 200A PRESTO Il, 3 sec. PTSO28 


M27C256B-15N1 150 SV + 10% 30mA / 200A PRESTO Il, 3 sec. PTSO28 


M87C257-12XF 1 32K x 8, Latch 120 5V + 5% 30mA / 200HA PRESTO Il, 3 sec. 0 to 70 FDIP28W 
M87C257-20XF 1 32K x 8, Latch 200 5V + 5% 30mA / 200nA PRESTO Il, 3 sec. 0 to 70 FDIP28W 


PRESTO Il, 3 sec. 
PRESTO Il, 3 sec. 
PRESTO ll, 3 sec. 
PRESTO Il, 3 sec. 


M27C256B-20C3 —40 to 125 
M27C256B-12M1 
M27C256B-15M1 


M27C256B-20M1 
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CMOS UV EPROM and OTP ROM (cont'd) 


Speed | | Temperature 


Size Part Number Organisation (ns) Vcc Range Active/Stby Programming Range (°C) | Package 
256K M87C257-12F 1 32K x 8, Latch 120 SV + 10% 30mA / 200uA PRESTO ll, 3 sec. 0 to 70 FDIP28W 
M87C257-20F1 32K x 8, Latch 200 5V + 10% 30mA / 200uA PRESTO Il, 3 sec. 0 to 70 FDIP28W 
M87C257-15XF6 32K x 8, Latch 150 5V + 5% 30mA / 200nA PRESTO ll, 3 sec. —40 to 85 FDIP28W 
M87C257-15F6 32K x 8, Latch 150 5V+10% 30mA / 200uA PRESTO ll, 3 sec. —40 to 85 FDIP28W 
M87C257-15C1 32K x 8, Latch 150 5V+10% 30mA / 200nA PRESTO ll, 3 sec. 0 to 70 PLCC32 
M87C257-20C6 32K x 8, Latch 200 5V+10% 30mA / 200HA PRESTO Il, 3 sec. —40 to 85 PLCC32 
M87C257-15C3 32K x 8, Latch 150 5V + 10% 30mA / 200uA PRESTO ll, 3 sec. —40 to 125 PLCC32 
512K M27C512-80XF 1 64K x8 80 5V + 5% 30mA / 100A PRESTO ll, 7 sec. 0 to 70 FDIP28W 
M27C512-12XF 1 64K x 8 120 5V + 5% 30mA / 200u1A PRESTO ll, 7 sec. 0 to 70 FDIP28W 
M27C512-15XF 1 64K x 8 150 5V + 5% 7 30mA / 20011A PRESTO Il, 7 sec | 0 to 70 FDIP28W 
| M27C512-20XF 1 edKxe: | 200 | 5V+5% — 30mA/200"A | PRESTOI,7sec | 01070 | FDIP28W 
M27C51 2-25XF 1 64K x8 | 250 | 5V+5% | 30mA / 20011A PRESTO Il, 7 sec 0 to 70 FDIP28W 
M27C512-10F 1 64K x 8 | 100 | 5V + 10% 30mA / 100)1A PRESTO Il, 7 sec 0 to 70 i FDIP28W 
M27C512-12F 1 64K x8 120 5V + 10% 30mA / 200A PRESTO Il, 7sec | 0 to 70 i FDIP28W 
M27C512-15F 1 64K x 8 150 SV+10% | 30mA/200nA PRESTO Il, 7 sec. | 0 to 70 ! FDIP28W 
M27C512-20F 1 64K x 8 200 5V+10% | 30mA/ 200A | PRESTO Il, 7 sec. : 0 to 70 | FDIP28W 
| M27C512-20F1L 64Kx8 | 200 5V + 10% | 30mA / 100" PRESTO ll, 7 sec | Oto70 | FDIP28W 
| M27C512-25F1 | 64K x 8 250 5V+10% | 30mA/200nA | PRESTO Il,7sec | 0 to 70 ' FDIP28W 
M27C512-12XF6 64K x 8 120 5V + 5% | =30mA / 200nA | PRESTO Il. 7 sec : ~—40 to 85 | FDIP28W 
M27C512-15XF6 | 64K x8 150 | = 5V 5% | 30mA/2001A | PRESTO, 7 sec. | -40t085 | FDIP28W 
M27C512-20XF6 64K x8 200 5V + 5% '  30mA / 200A PRESTO Il, 7 sec. —40 to 85 FDIP28W 
M27C512-25XF6 64K x8 200 5V+5% 30mA / 200L1A PRESTO Il, 7 sec. —40 to 85 FDIP28W 
M27C512-15F6 64K x8 150 5V + 10% 30mA / 200)1A PRESTO Il, 7 sec. —40 to 85 FDIP28W 


M27C512-20F6 64K x 8 200 5V+10% 30mA / 200uA PRESTO Il, 7 sec. —40 to 85 FDIP28W 
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CMOS UV EPROM and OTP ROM (cont'd) 


Speed Temperature 


Size Part Number Organisation (ns) Vcc Range Active/Stby Programming Range (°C) Package 
512K | M27C512-20XF3 64K x 8 200 5V 45% 30mA/200uA | PRESTOII,7sec. | 40 to 125 FDIP28W 
M27C512-10F3 — 64Kx 8 100 | 5V410% | 30mA/100uA | PRESTON, 7sec. | -401t0125 | FDIP28W 
M27C512-15XB1 64K x 8 150 5V+5% | 30mA/200NA | PRESTOII, 7 sec. 0 to 70 PDIP28 
M27C512-15B1 64K x 8 150 5V + 10% 30mA/200uA | PRESTO II, 7 sec. 0 to 70 PDIP28 
M27C512-20B1 64K x 8 200 BV + 10% 30mA/ 200A | PRESTO II, 7 sec. 0 to 70 PDIP28 
M27C512-20B6. 64K x 8 200 BV + 10% 30mA/2001A | PRESTOII,7sec | —40to85 PDIP28 
M27C512-20B3 64K x8 200 5V + 10% 30mA/2001A | PRESTOII,7sec | —40 to 125 PDIP28 
M27C512-15XC1 64K x 8 150 BV 45% 30mA/200uA | PRESTO II, 7 sec 0 to 70 PLCC32 
M27C512-15C1 64K x 8 150 BV + 10% 30mA/200nA | PRESTOII,7 sec. 0 to 70 PLCC32 
M27C512-20C1 64K x 8 200 5V + 10% 30mA/200uA | PRESTO, 7 sec. 0 to 70 PLCC32 
M27C512-20XC6 64K x 8 200 BV + 5% 30mA/2001A | PRESTOI,7sec. | -40to85 PLCC32 
M27C512-20C6 64K x 8 200 5V + 10% 30mA/2001A | PRESTOI,7sec. | —40 to 85 PLCC32 
M27C512-15C3 64K x 8 150 BV + 10% 30mA/200uA | PRESTOI,7sec. | —40 to 125 PLCC32 
M27C512-20C3 64K x 8 200 | 5V+10% 30mA/ 200A | PRESTOI,7sec. | -40t0125 | PLCC32_ 
M27C512-10N1 64K x 8 100 BV + 10% 30mA/200uA | PRESTOII,7 sec. 0 to 70 PTSO28 
M27C512-12N1 64K x 8 120 5V + 10% 30mA/200uA | PRESTO, 7 sec. 0 to 70 PTSO28 
M27C512-15N1 64K x 8 150 5V + 10% 30mA/200uA | PRESTO II, 7 sec. Oto70 | PTSO28 
200 3.0 to 5.5V 10mA/100uA_| PRESTOII, 7 sec. 0to70 | PLCC32 
M27V512-250K1 250 3.0to 5 5V 10mA/1001A | PRESTOI,7sec | 0to70 PLCC32 
200 3 0to55V 10mA/100uA | PRESTO, 7 sec. 0 to 70 PTSO28 
M27V512-250N1 250 | 3.0t055V | 10mA/100uA | PRESTOI,7sec. | _Oto70 _| PTSO28 
/M27C516-20F1 || 32K x 16 200 | 5V+10% | 30mA/200"A | PRESTOII,7sec. | Oto 70 FDIP40w 
32K x 16 150 BV + 10% 30mA/2001A | PRESTO, 7 sec. 0 to 70 PLCC32 
M27C516-20C1 32K x 16 200 BV + 10% 30mA/2001A | PRESTOII, 7 sec. 0 to 70 PLCC32 
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CMOS UV EPROM and OTP ROM (cont'd) 


Speed Temperature 
Part Number Organisation Active/Stby Range (°C) Package 


M27C1000-12XFi * 128K x 8 5V + 5% 35mA / 200uA PRESTO ll, 13 sec. FDIP32W 
M27C1000-15XF 1 * 128K x8 5V+5% 35mA / 200uA PRESTO Il, 13 sec. FDIP32W 
M27C1000-20XF 1 * 128K x8 5V+5% 35mA / 200uA PRESTO Il, 13 sec. FDIP32W 
M27C1000-25XF 1 * 128K x 8 5V+5% 35mA / 200uA PRESTO Il, 13 sec. FDIP32W 
M27C1000-10F 1 * 128K x8 5V+10% 35mA / 200uA PRESTO Il, 13 sec. FDIP32W 
M27C1000-12F 1 * 128K x 8 5V+10% 35mA / 200uA PRESTO Il, 13 sec. FDIP32W 
M27C1000-15F 1 * 128K x 8 5V + 10% 35mA / 200HA PRESTO ll, 13 sec. FDIP32W 
M27C1000-20F 1 * 128K x8 5V + 10% 35mA / 200A PRESTO ll, 13 sec. FDIP32W 
[werent | taser [am | svsvon [sina aoha [Prous | oro | rovse 
M27C1001-80XF 1 128K x8 5V + 5% 30mA / 100uA PRESTO ql 13 sec. 0 to 70 FDIP32W 
M27C1001-12XF 1 128K x8 5V +5% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-15XF1 128K x 8 SV + 5% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-15XFiL 128K x8 SV +5% 30mA / 100HA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-20XF 1 128K x 8 SV +5% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-25XF 1 128K x8 SV +5% 35mA / 200A PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-10F1 128K x 8 SV + 10% 30mA / 100A PRESTO Il, 13 sec. Oto 70 FDIP32W 
M27C01001-12F 1 128K x 8 SV + 10% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-15F 1 128K x8 SV + 10% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-15F1L 128K x8 SV + 10% 30mA / 100uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-20F 1 128K x8 SV + 10% 35mA / 200uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-20F1L 128K x 8 5V + 10% 30mA / 100uA PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-25F 1 128K x8 5V+10% 35mA / 200A PRESTO Il, 13 sec. 0 to 70 FDIP32W 
M27C1001-12XF6 128K x 8 SV + 5% 35mA / 200uA PRESTO ll, 13 sec. —40 to 85 FDIP32W 


* ROM compatible pin-out 
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Part Number 


M27C1001-15XF6 
M27C1001-20XF6 
M27C1001-15F6 
M27C1001-15F6L 
M27C1001-20F6 
M27C01001-15B1 
M27C1001-20B1 
M27C1001-20B6 
M27C1001-20B3 
M27C1001-12XC1 
M27C1001-15C1 
M27C1001-20C1 
M27C1001-15C6 
M27C1001-15C3 


M27C1001-12L1 128K x 8 


M27V101-250L1 
M27V101-200L6 
M27V101-250L6 
M27C01024-12XF1 
M2701024-15XF1 
M27C1024-20XF 1 
M27C01024-25XF 1 
M27C01024-12F1 
M2701024-15F 1 


CMOS UV EPROM and OTP ROM (cont'd) 


Organisation 


128K x8 
128K x 8 
128K x8 
128K x8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x 8 
128K x8 
128K x8 
128K x8 
128K x 8 
128K x 8 


128K x 8 
128K x 8 


128K x 8 


64K x 16 
64K x 16 
64K x 16 
64K x 16 
64K x 16 
64K x 16 


Vcc Range 


5V +5% 

5V +5% 
BV + 10% 
BV + 10% 
5V + 10% 
BV + 10% 
BV + 10% 
5V + 10% 

BV + 10% 
BV + 5% 
5V + 10% 
BV + 10% 
BV + 10% 
5V + 10% 
3.0 to 5.5V 
3.2 to 5.5V 
3.2 to 5.5V 
5V+5% 
BV + 5% 
BV + 5% 
5V+5% 
5V + 10% 
5V + 10% 


Active/Stby 


35mA / 200A 
35mA / 200UA 
35mA / 200A 
35mA / 100A 
35mA / 200uUA 
35mA / 200uA 
35mA / 200A 
35mA / 200A 
35mA / 200A 
35mA / 200A 
35mA / 200nA 
35mA / 200A 
35mA / 200A 
35mA / 200A 
30mA / 100A 
30mA / 100uA 
35mA / 100A 
35mA / 100uA 
35mA / 100A 
35mA / 100A 
35mA / 100A 
35mA / 100uA 
35mA / 100A 
35mA / 100A 


NON VOLATILE MEMORIES 


Temperature 


Range (°C) Package 


Programming 
FDIP32W 
FDIP32W 
FDIP32W 


—40 to 85 
—40 to 85 
—40 to 85 


PRESTO Ill, 13 sec. 
PRESTO Ill, 13 sec. 
PRESTO Ill, 13 sec. 
PRESTO Il, 13 sec. —40 to 85 FDIP32W 
PRESTO Il, 13 sec. —40 to 85 FDIP32W 
PRESTO Il, 13 sec. 0 to 70 PDIP32 
PRESTO ll, 13 sec. 0 to 70 PDIP32 
PRESTO Il, 13 sec. —40 to 85 PDIP32 
PRESTO Il, 13 sec. —40 to 125 PDIP32 
PRESTO ll, 13 sec. 0 to 70 PLCC32 
PRESTO Il, 13 sec. 0 to 70 PLCC32 
PRESTO Il, 13 sec. 0 to 70 PLCC32 
PRESTO Il, 13 sec. —40 to 85 PLCC32 
PRESTO Il, 13 sec. —40 to 125 PLCC32 


PRESTO Il, 13 sec 0 to 70 LCCC32W 


LCCC32W 
LCCC32W 
LOCC32W 


PRESTO ll, 13 sec 0 to 70 
PRESTO Ill, 13 sec. —40 to 85 
PRESTO Il, 13 sec. —40 to 85 


PRESTO Il, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO Il, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO Ill, 7 sec. 
PRESTO Il, 7 sec. 


FDIP40W 
FDIP40W 
FDIP40W 
FDIP40W 
FDIP40W 
FDIP40W 
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CMOS UV EPROM and OTP ROM (cont'd) 


oe Part Number Organisation 


1M M27C1024-20F 1 64K x 16 200 
M27C1024-25F 1 64K x 16 250 
M27C1024-12XF6 64K x 16 
M27C1024-20C1 64K x 16 

2M M27C2001-80XF 1 256K x 8 
M27C2001-15XF1 256K x 8 
M27C2001-20XF 1 256K x 8 
M27C2001-25XF 1 256K x 8 
M27C2001-10F 1 256K x 8 
M27C2001-12F1 256K x 8 
M27C2001-15F1 256K x 8 
M27C2001-20F 1 256K x 8 
M27C2001-12F6 256K x 8 
M27C2001-20F6 256K x 8 
M27C2001-15B1 256K x 8 150 
M27C2001-10XC1 256K x 8 100 

256K x 8 120 
M27C2001-15C1 256K x 8 150 
M27V201-250L1 256K x 8 250 


M27V201-200L6 256K x 8 200 
M27V201-250L6 256K x 8 250 


Speed 
(ns) 


M27C2001-12C1 


Vcc Range 


5V + 10% 
5V+10% 
5V+5% 

5V + 10% 
5V + 10% 
5V + 5% 

5V + 5% 

5V + 5% 

SV + 5% 

SV + 10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+10% 
5V+5% 

5V+10% 
5V+10% 


35mA / 100A 
35mA/ 100A 


NON VOLATILE MEMORIES 


Temperature 


Programming Range (°C) 


Active/Stby Package 

FDIP40W 

0 to 70 FDIP40W 

—40 to 85 FDIP40W 

0 to 70 PLCC44 

0 to 70 FDIP382W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

0 to 70 FDIP32W 

35mA / 100A PRESTO ll, 26 sec. —40 to 85 FDIP32W 

35mA / 200uA PRESTO ll, 26 sec. —40 to 85 FDIP32W 
30mA / 100”HA PRESTO ll, 26 sec. 0 to 70 PDIP32 
30mA / 100uA PRESTO Il, 26 sec. PLCC32 
30mA / 100uA PRESTO ll, 26 sec. PLCC32 
30mA / 100LA PRESTO Il, 26 sec. PLCC32 


35mA / 100A 0 to 70 
35mA / 100pA 


35mA/ 100A 


PRESTO ll, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO ll, 7 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO Il, 26 sec. 


30mA / 100LA 
35mA / 200A 
35mA / 200nA 
35mA / 200A 
30mA / 100nA 
30mA / 100A 
35mA / 200A 
35mA / 200A 


5V + 10% 30mMA/100nA | PRESTO II, 26 sec. LCCC32W 


3.0 to 5.5V 
3.2 to 5.5V 
3.2 to 5.5V 


LCCC32W 
LCCC32W 
LCCC32W 


0 to 70 
—40 to 85 
—40 to 85 


PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 
PRESTO ll, 26 sec. 


30mA / 100nA 
35mA / 100A 
35mA / 100A 


AqGINS NOILOATAS 


Hy 
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NON VOLATILE MEMORIES 


CMOS UV EPROM and OTP ROM (cont'd) 


M27C4001-80XF 1 512K x 8 SV + 5% 50mA / 100nA PRESTO Il, 52 sec. 
M27C4001-10XF1 512K x 8 5V + 5% 50mA / 100A PRESTO Il, 52 sec. 
M27C4001-10F1 512K x 8 5V+10% 50mA / 100A PRESTO Il, 52 sec. 
M27C4001-12F1 512K x 8 5V+10% 50mA / 100nA PRESTO Il, 52 sec. 
M27C4001-15F1 512K x 8 5V + 10% 50mA / 100uA PRESTO Hl, 52 sec. 
M27C4001-12F6 512K x 8 5V+10% 50mA / 100uA PRESTO Il, 52 sec. 


Temperature 
Range (°C) 


Package 


FDIP32W 
FDIP32W 
FDIP32W 
FDIP32W 
FDIP32W 
FDIP32W 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 


M27C4001-15F6 512K x 8 5V + 10% 50mA / 100uA PRESTO Il, 52 sec. —40 to 85 FDIP32W 
M27C4001-10F2 512K x 8 5V + 10% 5SOmA / 100uA PRESTO Il, 52 sec. —-55 to 125 FDIP32W 
M27C4001-15B1 512K x 8 150 5V + 10% 50mA / 100A PRESTO Il, 52 sec. 0 to 70 PDIP32 

M27C4001-10XC1 512K x 8 SV +5% 50mA / 100uA PRESTO Il, 52 sec. PLCC32 


M27C4001-12C01 512K x 8 120 5V+10% 50mA / 100nA PRESTO Il, 52 sec. PLCC32 
M27C4001-15C1 512K x 8 150 5V+10% 50mA / 100uA PRESTO Il, 52 sec. PLCC32 
pwaroacort2ii | taxa _| 120 | _svto% | _soma/10qyA_| PRESTO I, s2sec.| 01070 | Lecosaw_ 
M27V401-250L1 512K x 8 3.0 to 5.5V 50mA / 100A PRESTO n 52 sec. 0 to 70 LCCC32W 
M27V401-200L6 512K x 8 3.2 to 5.5V 50mA / 100nA PRESTO Il, 52 sec. —40 to 85 LCCC32W 
M27V401-250L6 512K x 8 3.2 to 5.5V 50mA / 100A PRESTO Il, 52 sec. —40 to 85 LCCC32W 
M27C4002-10XF 1 256K x 16 SV + 5% 5SOmA / 100nA PRESTO Il, 26 sec. 0 to 70 FDIP40W 
M27C4002-10F1 256K x 16 5V+10% 50mA / 100nA PRESTO Il, 26 sec. 0 to 70 FDIP40W 
M27C4002-12F 1 256K x 16 5V+10% 50mA / 100nA PRESTO Il, 26 sec. 0 to 70 FDIP40W 
M27C4002-15F 1 256K x 16 5V+10% 50mA / 100A PRESTO Il, 26 sec. 0 to 70 FDIP40W 
M27C4002-12F6 256K x 16 5V+10% 50mA / 100nA PRESTO Il, 26 sec. —40 to 85 FDIP40W 
M27C4002-15F6 256K x 16 5V+10% 50mA / 100nA PRESTO Il, 26 sec. —40 to 85 FDIP40W 
M27C4002-10F2 256K x 16 5V+10% 50mA / 100A PRESTO Il, 26 sec. —55 to 125 FDIP40W 


AGIND NOILOATAS 
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NON VOLATILE MEMORIES 


120 5V+10% 50mA / 100A PRESTO ll, 26 sec. 0 to 70 JLCC44W 
50mA / 100nA PRESTO ll, 26 sec. —40 to 85 JLCC44W 


CMOS UV EPROM and OTP ROM (cont'd) 


Part Number 
4M 
6M 


Organisation 


256K x 16 
256K x 16 
256K x 16 


120 5V+10% 


5V + 10% 50mA/100nA__| PRESTO Il, 26 sec 0 to 70 PDIP40 


M27C4002-12J1 
M27C4002-12J6 


M27C4002-15B1 


M27C4002-12XC1 256K x 16 120 5V + 5% 50mA / 100uA PRESTO ll, 26 sec 0 to 70 PLCC44 
M27C4002-15C1 256K x 16 150 5V+10% 50mA / 100nA PRESTO ll, 26 sec 0 to 70 PLOC44 
5V + 10% 


5V+ 10% 


50mA / 100A PRESTO Il, 10 sec 0 to 70 FDIP42W 
50mA / 100uHA PRESTO ll, 10 sec 0 to 70 FDIP42W 


Temperature 


Fixed pulse, 100 sec. 0 to 70 FDIP24W 
Fixed pulse, 100 sec. 0 to 70 FDIP24W 
Fixed pulse, 100 sec. —40 to 85 FDIP24W 
Fixed pulse, 200 sec. 0 to 70 FDIP24W 


1 M27C160-150F 1 x8/ x16 150 
M27C160-200F 1 x8 / x16 200 


NMOS UV EPROM 


M2716F 1 2K x 8 450 5V + 5% 
350 
350 
200 


Active/Stby Programming 
100mA/25mA 
100mA/25mA 
100mA/25mA 
125mA/35mA 


M2716-1F 1 2K x 8 5V + 10% 
M2716-1F6 2K x 8 5V + 10% 
M2732A-2F 1 


AGINS NOILOATSS 


M2732AF 1 
M2732A-3F 1 
M2732A-4F 1 
M2732AF6 
M2732A-4F6 


125mA/35mA 
125mA/35mA 
125mA/35mA 
125mA/35mA 
125mA/35mA 


Fixed pulse, 200 sec. 
Fixed pulse, 200 sec. 
Fixed pulse, 200 sec. 
Fixed pulse, 200 sec. 


Fixed pulse, 200 sec. 


0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 
FDIP24W 


NOSINOHL-S5S ELS, 


SDINOMLIATIOWUDIN 
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NMOS UV EPROM (cont’d) 


Part Number 


M2764A-1F 1 
M2764A-2F 1 
M2764AF1 
M2764A-3F 1 
M2764A-4F1 
M2764A-20F 1 
M2764A-25F 1 
M2764A-2F6 
M2764AF6 
M2764A-4F6 
M27128A-2F 1 
M27128AF 1 
M27128A-3F 1 
M27128A-4F 1 
M27128A-20F 1 
M27128A-25F 1 
M27128A-30F 1 
M27128AF6 
M27256-1F 1 
M27256-2F 1 
M27256F 1 
M27256-3F 1 
M27256-4F 1 
M27256-20F 1 


Organisation 


Speed 
(ns) 


Vcc Range 


SV + 5% 
SV +5% 
5V+5% 
5V + 5% 
5V + 5% 
5V+10% 
5V+10% 
SV + 5% 
5V+5% 
5V +5% 
5V +5% 
5V +5% 
5V+5% 
5V+5% 
5V + 10% 
5V + 10% 
5V+10% 
SV + 5% 
5V + 5% 
5V + 5% 
5V + 5% 
5V £5% 
SV + 5% 
5V +10% 


Active/Stby 


75mA/35mA 
75mA/35mA 
75mA/35mA 
75mMA/35mA 
75mA/35mA 
75mA/35mA 
75mA/35mA 
75mA/35mA 
75mA/35mA 
75mA/35mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
85mA/40mA 
100mA/40mA 
100mA/40mA 
100mMA/40mA 
100mA/40mA 
100mA/40mA 
100mA/40mA 


NON VOLATILE MEMORIES 


Programming 


Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 32 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 
Fast, 64 sec. 


Fast, 128 sec. 
Fast, 128 sec. 
Fast, 128 sec. 
Fast, 128 sec. 
Fast, 128 sec. 
Fast, 128 sec. 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 


Package 


FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 
FDIP28W 


AGINS NOILOATSS 
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NON VOLATILE MEMORIES: 


NMOS UV EPROM (cont'd) 


Vcc Range Active/Stby Programming eae. Package 

256K | M27256-25F1 5V + 10% 100mA/40mA Fast, 128 sec. 0 to 70 FDIP28W 
M27256F6 — vet _|_ 100mA/40mA Fast, 128 sec. —40 to 85 _ FDIP28W | 

512K | M27512-2F1 125mA/40mA PRESTO, 32 sec 0 to 70 FDIP28W 

M27512F1 125mA/40mA PRESTO, 32 sec. 0 to 70 FDIP28W 

M27512-3F1 125mA/40mA PRESTO, 32 sec. 0 to 70 | FDIP28W 

M27512-20F 1 5V + 10% 125mA/40mA PRESTO, 32 sec. 0 to 70 | FDIP28W 

M27512-25F 1 5V + 10% 125mA/40mA PRESTO, 32 sec 0 to 70 FDIP28W 

M27512-2F6 PRESTO, 32 sec -40 to 85 FDIP28W 


BV + 5% 125mA/40mA 
BV ES% | 125mA/40mA PRESTO, 32 sec -40t085 | _FDIP28w 


M27512F6 


FLASH MEMORIES 


— a er 


| | 
Size Part Number | Organisation cf a Vcc Range Active/Stby Programming ees | Package 
256K M28F256-10XB1 32K x 8 100 5V +5% 30mA / 200A PRESTO F, 12V/10us 0 to 70 | PDIP32 
M28F256A-10XB1 32K x 8 100 5V+5% 30mA / 200uA PRESTO F, 12V/10us 0 to 70 PDIP32 
M28F256-12B1 32K x 8 | 120 5V + 10% 30mA / 200A PRESTO F, 12V/10us 0 to 70 PDIP32 
M28F256A-12B1 32K x 8 | 120 5V+10% 30mA / 200A PRESTOF, 12V/10us 0 to 70 PDIP32 
M28F256-15B1 32K x8 150 5V+10% 30mA / 200A PRESTO F, 12VAOus 0 to 70 | PDIP32 
M28F256A-15B1 32K x8 150 5V + 10% 30mA / 200uUA | PRESTO F, 12V/10us 0 to 70 | PDIP32 
M28F256A-20B1 32K x 8 | 200 5V+10% 30mA/200HA =| PRESTOF, 12V/10us 0 to 70 PDIP32 
M28F256A-12XB6 32K x8 120 5V + 5% 30mA / 200uA | PRESTO F, 12V/10us —40 to 85 PDIP32 


AGINS NOILDA TAS 
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FLASH MEMORIES (cont'd) 


256K | M28F256-12B6 
M28F256A-12B6 
M28F256-15B6 
M28F256A-15B6 
M28F256A-12XB3 
M28F256-15B3 
M28F256A-15B3 
M28F256-10XC 1 
M28F256A-10XC1 
! M28F256-12C1 
| M28F256A-12C1 
M28F256-15C1 
| M28F256A-15C1 
! M28F256-20C1 
M28F256A-20C1 
M28F256A-12XC6 
M28F256A-12C6 
M28F256A-15C6 
M28F256A-12XC3 
M28F256-12C3 
M28F256-15C3 
M28F256A-15C3 


512K M28F512-10XB1 
M28F512-12B1 


32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 


7 32K x8 


32K x 8 
32K x 8 
32K x 8 
32K x8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x 8 
32K x8 
32K x8 
32K x 8 
32K x8 
32K x 8 
32K x8 
64K x8 
64K x8 


Speed 


(ns) Vcc Range 
120 5V+10% 
120 5V+10% 
150 5V +10% 
150 5V+10% 
120 5V+5% 
150 5V+10% 
150 5V + 10% 
100 5V + 5% 
100 BV + 5% 
120 5V + 10% 
120 5V + 10% 
150 5V + 10% 
150 5V + 10% 
200 5V + 10% 
200 5V + 10% 
120 5V + 5% 
120 5V + 10% 
150 5V+ 10% 
120 5V + 5% 
120 5V + 10% 
150 5V+10% 


150 
100 
120 


5V + 5% 
5V + 10% 


5V + 10% 


Active/Stby 


30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200nA 
30mA / 200pA 
30mA / 200nA 


30mA / 200pA 


30mA / 200A 
30mA / 200uA 
30mA / 200uA 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200uA 
30mA / 200LA 
30mA / 200L1A 
30mA / 200uA 
30mA / 200A 
30mA / 200A 
30mA / 200uA 
30mA / 200”nA 


30mA / 200A 
30mA / 200nA 


| 
| 


i} 
' 


30mA / 200uA 


_PRESTOF, 12V/10pts 


NON VOLATILE MEMORIES 


Programming 


PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 


__PRESTOF, 12V/10us 


Temperature 


Range (°C) 


—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
—40 to 125 


Package 


PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 


PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/101s 
PRESTO F, 12V/10us 
PRESTOF, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTOF, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 


PRESTO F, 12V/10us 
PRESTO F, 12V/10us 


0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
—40 to 125 
—40 to 125 

0 to 70 

0 to 70 


PLCC32 
PLCC32 
PLCC32_ | 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 
PLCC32 

_PLCC32 

PDIP32 

PDIP32 
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FLASH MEMORIES (cont'd) 


om Part Number 


M28F512-15B1 
M28F512-20B1 
M28F512-12XB6 
M28F512-12B6 
M28F512-15B6 
M28F512-12XB3 
M28F512-15B3 
M28F512-10XC1 
M28F512-12C1 
M28F512-15C1 
M28F512-20C1 
M28F512-12XC6 
M28F512-12C6 
M28F512-15C6 
M28F512-12XC3 
M28F512-15C3 
M28F101-10XP1 
M28F141-10XP1 


M28F101-12XP1 
M28F141-12XP1 


M28F101-15P1 
M28F141-15P1 


Organisation 


128K x8 


128K x8 
(4 Blocks) 


128K x8 


128K x8 
(4 Blocks) 


128K x8 


128K x8 
(4 Blocks) 


Speed 
(ns) 


Vcc Range 


5V + 10% 
5V + 10% 
SV + 5% 
5V + 10% 
5V + 10% 

5V + 5% 
5V + 10% 
5V + 5% 
5V + 10% 
5V + 10% 
5V + 10% 
5V+5% 
5V + 10% 
5V+10% 
5V + 5% 
5V+10% 
5V + 5% 
5V + 5% 


5V + 5% 
5V + 5% 


5V + 10% 
5V+5% 


Active/Stby 


30mA / 200A 
30mA / 200A 
30mA / 200HA 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 200A 
30mA / 100A 
30mA / 100A 


30mA / 100nA 
30mA / 100pA 


30mA / 100uA 
30mA / 100A 


NON VOLATILE MEMORIES 


Programming 


PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10ps 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 
PRESTO F, 12V/10us 


PRESTO F, 
4 x Block Erase 


PRESTO F, 12V/10us 


PRESTO F, 
4 x Block Erase 


PRESTO F, 12V/10us 


PRESTO F, 
4 x Block Erase 


Temperature 
Range (°C) 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 


Package 


PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 
PDIP32 
PLCC32 
PLCOC32 
PLCC32 
PLCC32 
PLCOC32 
PLCC32 
PLOC32 
PLCC32 
PLCC32 
PDIP32 
PDIP32 


PDIP32 
PDIP32 


PDIP32 
PDIP32 


AQGINS NOILOATAS 
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NON VOLATILE MEMORIES 


FLASH MEMORIES (cont'd) 


Temperature 
Range (°C) 


Speed 
(ns) 


Part Number | Organisation Vcc Range Active/Stby Programming Package 


PDIP32 
PDIP32 
PDIP32 
PDIP32 


5V + 5% 
5V + 10% 
5V + 5% 
5V+ 10% 


120 
150 
120 
150 


128K x 8 
128K x 8 
128K x 8 
128K x 8 


30mA/100uA | PRESTOF, 12V/10us -40 to 85 
30mA/100uA | PRESTOF, 12V/10us -40 to 85 
30mA/100uA | PRESTOF, 12V/10us -40 to 125 
30mA/100uA | PRESTOF, 12V/10us -40 to 125 


M28F101-12XP6 
M28F101-15P6 

M28F101-12XP3 
*M28F101-15P3 


M28F101-10XK4 128K x 8 5V + 5% 30mA / 100nA PRESTO F, 12V/10us 0 to 70 PLCC32 
M28F141-10XK1 128K x 8 5V + 5% 30mA / 100A PRESTO F, 0 to 70 PLCC32 
(4 Blocks) 4 x Block Erase 


M28F101-12XK1 128K x 8 5V + 5% 30mA / 100nA PRESTO F, 12V/10us 0 to 70 PLCC32 
M28F141-12XK1 128K x 8 5V + 5% 30mA / 100uA PRESTO F, 0 to 70 PLOC32 
(4 Blocks) 4 x Block Erase 


M28F101-15K1 128K x 8 5V+10% 30mA / 100A PRESTO F, 12V/10us 0 to 70 PLCC32 
M28F 141-15K1 128K x 8 5V+5% 30mA / 100nA PRESTO F, 0 to 70 PLOC32 
(4 Blocks) 4 x Block Erase 


M28F101-12XK6 128K x 8 5V + 5% 30mA / 100uA PRESTO F, 12V/10us —40 to 85 PLCC32 


M28F101-15K6 128K x 8 5V+10% 30mA / 100A PRESTO F, 12V/10us —40 to 85 PLOC32 
M28F101-12XK3 128K x 8 SV + 5% 30mA / 100uA PRESTOF, 12V/10us —40 to 125 PLOC32 
M28F101-15K3 128K x 8 5V+10% 30mA / 100uA PRESTOF, 12V/10us —40 to 125 PLOC32 


M28F101-15N1 128K x 8 150 5V+ 10% 30mA / 100A PRESTO F, 12V/10us 0 to 70 PTSO32 
M28F 102-10XP1 64K x 16 SV +5% 50mA / 100nA PRESTOF, 12V/10us 0 to 70 PDIP40 
M28F 102-12XP1 64K x 16 SV + 5% 50mA / 100uA PRESTOF, 12V/10us 0 to 70 PDIP40 
M28F102-15P 1 64K x 16 SV + 10% 50mA / 100A PRESTOF, 12V/10us 0 to 70 PDIP40 
M28F 102-12XP6 64K x 16 SV +5% 50mA / 100pA PRESTO F, 12V/10us —40 to 85 PDIP40 
M28F 102-15P6 64K x 16 5V+10% 50mA / 100uA PRESTO F, 12V/10us -40 to 85 PDIP40 


M28F102-12XP3 64K x 16 5V+5% 50mA/ 100uA PRESTOF, 12V/10us —40 to 125 PDIP40 
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NON VOLATILE MEMORIES 


FLASH MEMORIES (cont'd) 


1M 
M28F 102-10XK1 64K x 16 
M28F 102-12XK1 64K x 16 
M28F 102-15K1 64K x 16 
M28F102-12XK6 64K x 16 
M28F 102-15K6 64K x 16 
M28F102-12XK3 64K x 16 
M28F102-15K3 
ROM 


Vcc Range Active/Stby Programming elle ss arc) Package 


BV + 10% 50mA / 100nA -40 to 125 
BV + 5% 50mA/100nA | PRESTOF, 12V/10us 0 to 70 PLOC44 
BV + 5% 50mA/100uA | PRESTOF, 12V/10ps 0 to 70 PLOC44 
BV + 10% 50mA/100uA | PRESTOF, 12V/10ps 0 to 70 PLOC44 
BV + 5% 50mA/100nA | PRESTOF,12V/10us | -40 to 85 PLOC44 
5V + 10% 50mA/100uA | PRESTOF,12V/10us | —40 to 85 PLOC44 
BV + 5% 50mA/100unA | PRESTOF,12V/10"s | -40 to 125 PLCOC44 


64K x 16 5V+10% 


50mA / 100uA PRESTO F, 12V/10us —40 to 125 PLCOC44 


Temperature 
Range (°C) 


Active/Standby 


512K | M23C512B1ZZ 64K x 8 5V + 10% 40mA / 20nA 0 to 70 PDIP28 
im — | M23C1000B1ZZ 128K x 8 5V + 10% 40mA / 200A 0 to 70 PDIP28 
M23C1001B1ZZ* 128K x 8 BV +10% 40mA / 20uA 0 to 70 PDIP32 


* EPROM compatible pin-out - ZZ is a code allocated for each ROM content 


AdinS NOILOATAS 


NON VOLATILE MEMORIES 


EEPROM, I?C and MICROWIRE Serial Access Bus 


Temperature 


Range (°C) Package 


Part Number Bus Type Vcc Range Features 


Organisation 


My 


SOIMOWUNDTTOVDIUN 
NOSWOHL-S9S 


60 


ST24C01B1 
ST25C01B1 
ST24C01B6 
ST25C01B6 
ST24C01B3 
ST24C01M1 
ST24C01M1013TR 
ST25C01M1 
ST25C01M1013TR 
ST24C01M6 
ST24C01M6013TR 
ST25C01M6 
ST25C01M6013TR 
ST24C01M3 
ST24C01M3013TR 
ST24C02AB1 
ST24C02AB1/AAB 
ST25C02AB1 
ST24C02AB6 
ST25C02AB6 
ST24C02AB3 
ST24C02AM1 
ST24C02AM1013TR 
ST25C02AM1 


4.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
4.5to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 


Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Content all 00 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 
Byte/Page Write 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSO8 
PSO8TR 
PSO8 
PSO8TR 
PSO8 
PSO8TR 
PSO8 
PSO8TR 
PSO8 
PSO8TR 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSO8 
PSO8TR 
PSO8 
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NON VOLATILE MEMORIES 


EEPROM, ine and MICROWIRE Serial Access Bus (cont'd) 


2K ST25C02AM1013TR 2.5 to 5.5V Byte/Page Write 
ST24CO02AM6 4.5 to 5.5V Byte/Page Write 
ST24C02AM6013TR 4.5 to 5.5V Byte/Page Write 
ST25C02AM6 2.5 to 5.5V Byte/Page Write 
ST24C02AM3 4.5 to 5.5V Byte/Page Write 


4.5to 5.5V Write Protection 
2.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
4.5to 5.5V 
2.5 to 5.5V 
4.5 to 5.5V 
4.5 to 5.5V 
2.5 to 5.5V 
2.5 to 5.5V 
4.5to 5.5V 


2.5 to 5.5V 


ST24C04B1 
ST25C04B1 
ST24C04B6 
ST25C04B6 
ST24C04B3 
ST25C04B3 
ST24C04ML1 
ST24C04ML1013TR 
ST25CO4ML1 
ST25C04ML1013TR 
ST24C08B1 
ST25C08B1 
ST24C08B6 4.5to 5.5V 
ST25C08B6 2.5 to 5.5V 
ST24C16CB1 4.5to 5.5V Write Protection 
ST25C16CB1 | 2.5 to 5.5V Write Protection 
ST24C16CB6 4.5 to 5.5V Write Protection 
ST25C16CB6 °C 25 to 5.5V Write Protection 


ST93C06B1 32x8 or 16x16 | MICROWIRE |  4.5to5.5V Dual Org, 1MHz 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Temperature 
Range (°C) 


0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 125 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 125 
—40 to 125 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


PSO8TR 
PSO8 
PSO8TR 
PSO8 
PSO8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSO14 
PSO14TR 
PSO14 
PSO14TR 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 


AqGINS NOILOATSS 


Ky 


SNOMLIZTIONOINI 
NOSINOHL-S5S 


Le 


NON VOLATILE MEMORIES 
EEPROM, I°C and MICROWIRE Serial Access Bus (cont'd) 


ST93C06B3 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSDIP8 
ST93CO6M1 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 PSO8 
ST93C06M1013TR 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 PSO8TR 
ST93CO6M6E 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 PSO8 
ST93C06M6013TR 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 PSO8TR 
ST93C06M3 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSO8 
ST93C06M3013TR 32x8 or 16x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSO8TR 
ST93CS46B1 MICROWIRE 4.5 to 5.5V Write Protection 0 to 70 PSDIP8 
ST93CS47B1 MICROWIRE 2.5 to 5.5V 0 to 70 PSDIP8 
ST93CS46B6 MICROWIRE 4.5 to 5.5V —40 to 85 PSDIP8 
ST93CS47B6 MICROWIRE 2.5 to 5.5V —40 to 85 PSDIP8 
ST93CS46B3 MICROWIRE 4.5 to 5.5V —40 to 125 PSDIP8 
ST93CS46M1 MICROWIRE 4.5 to 5.5V 0 to 70 
ST93CS47M1 MICROWIRE 2.5 to 5.5V 0 to 70 
ST93CS46M6 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93CS47M6 MICROWIRE 2.5 to 5.5V —40 to 85 
ST93CS46M3 MICROWIRE 4.5 to 5.5V —40 to 125 
ST93CS46ML1 MICROWIRE 4.5 to 5.5V 0 to 70 
ST93CS47ML1 MICROWIRE 2.5 to 5.5V 0 to 70 
ST93CS46ML6 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93CS47ML6 MICROWIRE 2.5 to 5.5V Write Protection —40 to 85 


ST93C46AB1 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 PSDIP8 
ST93C46AB6 128x8 or 64x16 4.5 to 5.5V Dual Org, 1MHz —40 to 85 PSDIP8 


MICROWIRE 


Temperature 
Range (°C) 


1K 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 


Write Protection 
Write Protection 
Write Protection 


Write Protection 


Write Protection 
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NON VOLATILE MEMORIES 


EEPROM, I°C and MICROWIRE Serial Access Bus (cont'd) 


on Part Number Bus Type Vcc Range Features pas cy Package 


1K ST93C46AB3 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSDIP8 


ST93C46AM1 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 PSO8 
ST93C46AM1013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 PSO8TR 
ST93C46TM1 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout 0 to 70 PSO8 
ST93C46TM1013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout 0 to 70 PSO8TR 
ST93C46AM6 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 PSO8 
ST93C46AM6013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 PSO8TR 
ST93C46TM6 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout —40 to 85 PSO8 
ST93C46TM6013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout —40 to 85 PSO8TR 
ST93C46AM3 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSO8 
ST93C46AM3013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 PSO8TR 
ST93C46TM3 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout —40 to 125 PSO8 
ST93C46TM3013TR 128x8 or 64x16 MICROWIRE 4.5 to 5.5V 90° Turn Pinout —40 to 125 PSO8TR 
ST93CS56B1 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection 0 to 70 PSDIP8 
ST93CS57B1 128 x 16 MICROWIRE 2.5 to 5.5V Write Protection 0 to 70 PSDIP8 
ST93CS56B6 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection —40 to 85 PSDIP8 
ST93CS57B6 128 x 16 MICROWIRE 2.5 to 5.5V Write Protection —40 to 85 PSDIP8 
ST93CS56B3 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection —40 to 125 PSDIP8 
ST93CS56M1 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection 0 to 70 PSO8 
ST93CS56M1013TR 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection 0 to 70 PSO8TR 
ST93CS57M1 128 x 16 MICROWIRE 2.5 to 5.5V Write Protection 0 to 70 PSO8 
ST93CS56M6 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection —40 to 85 PSO8 
ST93CS57M6 128 x 16 MICROWIRE 2.5 to 5.5V Write Protection —40 to 85 PSO8 
ST93CS56M3 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection —40 to 125 PSO8 


AGINS NOILOATAS 


NOSWOHL-sos “AY 


SOINOMLITTIOLOIN 


c& 


NON VOLATILE MEMORIES 


EEPROM, I?C and MICROWIRE Serial Access Bus (cont'd) 


Temperature 


ST93CS56ML1 128 x 16 MICROWIRE 4.5 to 5.5V Write Protection 0 to 70 
ST93CS57ML1 128 x 16 MICROWIRE 2.5 to 5.5V Write Protection 0 to 70 
ST93CS56ML6 128 x 16 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93CS57ML6 128 x 16 MICROWIRE 2.5 to 5.5V —40 to 85 
ST93CS56ML3 128 x 16 MICROWIRE 4.5 to 5.5V —40 to 125 
ST93C56B1 256x8 or 128x16 MICROWIRE 4.5 to 5.5V 0 to 70 
ST93C56B6 256x8 or 128x16 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93C56B3 256x8 or 128x16 MICROWIRE 4.5 to 5.5V —40 to 125 
ST93C56M1 256x8 or 128x16 MICROWIRE 4.5 to 5.5V 0 to 70 
ST93C56M6 256x8 or 128x16 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93C56M3 256x8 or 128x16 MICROWIRE 4.5 to 5.5V —40 to 125 
ST93CS66B1 256 x 16 MICROWIRE 4.5 to 5.5V 0 to 70 
ST93CS67B1 256 x 16 MICROWIRE 2.5 to 5.5V 0 to 70 
ST93CS66B6 256 x 16 MICROWIRE 4.5 to 5.5V —40 to 85 
ST93CS67B6 256 x 16 MICROWIRE 2.5 to 5.5V —40 to 85 
ST93CS66B3 256 x 16 MICROWIRE 4.5 to 5.5V —40 to 125 
ST93CS67B3 256 x 16 MICROWIRE 2.5 to 5.5V Write Protection —40 to 125 

ST93C66CB1 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 

ST93C66CB6 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 
ST93C66CB3 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 
ST93C66CM1 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz 0 to 70 
ST93C66CM6 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 85 
ST93C66CM3 512x8 or 256x16 MICROWIRE 4.5 to 5.5V Dual Org, 1MHz —40 to 125 


Write Protection 


Write Protection 


Write Protection 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Dual Org, 1MHz 
Write Protection 


PSDIP8 
PSDIP8 
.PSDIP8 


PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSDIP8 
PSO14 
PSDIP8 
PSDIP8 
PSDIP8 


Write Protection 


Write Protection 


Write Protection 
Write Protection 
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EEPROM, Parallel Access Bus 


M28C64C-150K1 150 5V + 10% 
M28C64C-200K1 200 5V +10% 
150 
M28C64C-200K6 200 5V + 10% 
" M28C64C-150M1 150 5V + 10% 
M28C64C-200M1 200 
M28C64C-150M6 150 
M28C64C-200M6 200 


M28C64C-150P1 150 5V + 10% 
M28C64C-200P1 200 5V + 10% 
M28C64C-150P6 150 5V + 10% 
M28C64C-200P6 200 5V + 10% 
M28C64C-150K6 5V + 10% 

5V + 10% 


5V+10% 
5V + 10% 


Part Number | Organisation as Vcc Range 


NON VOLATILE MEMORIES 


Temperate package 
5ms 
5ms 
5ms 
5ms 
5ms 
5ms 
5ms 
5ms 
5ms 
5ms 
oms 
5ms 


0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 


PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLOC32 
PLCOC32 
PLOC32 
PLOC32 
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FAST SRAM 


Part Number 


M621064-10PS1 
M621064-12PS1 
M621064-15PS1 
M621064-20PS1 
M621064-10E1 
M621064-12E1 
M621064-15E1 
M621064-20E1 
M624016-10PS1 
M624016-12PS1 
M624016-15PS1 
M624016-20PS1 
M624016-10E1 
M624016-12E1 
M624016-15E1 
M624016-20E1 
M624017-10PS1 
M624017-12PS1 
M624017-15PS1 
M624017-20PS1 
M624017-10E1 
M624017-12E1 
M624017-15E1 
M624017-20E1 


Organisation 


Vcc Range 


5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 


Active/Stby 


140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 


Features 


Separate I/O 
Separate I/O 
Separate I/O 
Separate I/O 
Separate I/O 
Separate I/O 
Separate 1/O 
Separate I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 


STATIC RAMs 


Temperature 
Range (°C) 


Package 


PSDIP22 
PSDIP22 
PSDIP22 
PSDIP22 
PSOJ24 
PSOQJ24 
PSOJ24 
PSOJ24 
PSDIP22 
PSDIP22 
PSDIP22 
PSDIP22 
PSOJ24 
PSOJ24 
PSOJ24 
PSOJ24 
PSDIP24 
PSDIP24 
PSDIP24 
PSDIP24 
PSOQJ24 
PSOJ24 
PSOJ24 
PSOJ24 
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FAST SRAM (cont'd) 


Part Number | Organisation Speed 
(ns) 
10 


M628008-10PS1 
M628008-12PS1 
M628008-15PS1 
M628008-20PS1 
M628008-10E1 
M628008-12E1 
M628008-15E1 
M628008-20E1 
M621256-12PS1 
M621256-15PS1 
M621256-20PS1 
M621256-12E1 
M621256-15E1 
M621256-20E1 
M624064-12PS1 
M624064-15PS1 
M624064-20PS1 
M624064-12E1 
M624064-15E1 
M624064-20E1 
M624065-12PS1 
M624065-15PS1 
M624065-20PS1 


M624065-12E1 64K x 4 


256K x 1 
256K x 1 
256K x 1 
256K x 1 
256K x 1 
256K x 1 


12 
15 
20 
10 
12 
15 


20 
12 
15 
20 
12 


20 
12 
15 
20 
12 
15 
20 
12 


15 


20 


5V + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
5V + 10% 


Active/Stby 


140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/20mA 
140mA/1mA 
130mA/1mA 
120mA/imA 
140mA/1mA 
130mMA/1mA 
120mMA/1mA 
140mA/1imA 
130mA/1mA 
120mA/1mA 
140mA/imA 
130mA/1mA 
120mA/1mA 
140mA/1imA 
130mMA/1imA 
120mMA/1mA 


Features 


With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 
With Output Enable 


Separate I/O 
Separate I/O 
Separate |/O 
Separate I/O 
Separate I/O 
Separate I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 
Common I/O 


With Output Enable 
With Output Enable 
With Output Enable 


5V + 10% 140mA/1mA With Output Enable 0 to 70 PSOJ28 


STATIC RAMs 


Temperature 
Range (°C) 


Package 


PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSOJ28 
PSOJ28 
PSOJ28 
PSOJ28 
PSDIP24 
PSDIP24 
PSDIP24 
PSOJ24 
PSOJ24 
PSOJ24 
PSDIP24 
PSDIP24 
PSDIP24 
PSOJ24 
PSOJ24 
PSOJ24 
PSDIP28 
PSDIP28 
PSDIP28 
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STATIC RAMs 
FAST SRAM (cont'd) 


see | retanie[onmentin 5% wernt | sty | ree 

256K | M624065-15E1 BV + 10% With Output Enable 
M624065-20E1 64K x 4 20 5V+10% 120mA/1mA With Output Enable 0 to 70 PSOJ28 
M628032-12PS1 12 5V+10% 140mA/1mA With Output Enable PSDIP28 
M628032-15PS1 15 5V+10% 130mA/1mA With Output Enable PSDIP28 
M628032-20PS1 20 5V+10% 120mA/1mA With Output Enable PSDIP28 
M628032-12E1 140mA/1mA With Output Enable PSOJ28 
M628032-15E1 130mA/1mA With Output Enable PSOJ28 
M628032-20E1 120mA/1mA With Output Enable PSOJ28 
M629032-12PS1 160mA/1mA With Output Enable PSDIP32 
M629032-15PS1 150mA /1mA With Output Enable PSDIP32 
M629032-20PS1 
M629032-12E1 


140mA/1imA With Output Enable PSDIP32 
160mA /1mA With Output Enable PSOJ32 

M629032-15E1 5V + 10% 

M629032-20E1 5V+10% 


12 
15 
20 
12 
15 
20 
12 
15 150mA/1mA With Output Enable PSOJ32 
20 
M621100-15E1 15 5V+10% 
M621100-17E1 17 5V + 10% 
| 20 
25 
15 
Te 
20 
17 


Temperature 
Range (°C) 


5V + 10% 
5V + 10% 
5V+10% 
5V + 10% 
5V + 10% 
5V+10% 
5V + 10% 


Separate I/O 


140mA/1mA With Output Enable PSOJ32 
140mA/1imA Separate I/O PSOJ28 

M621100-20E1 5V+10% 

M621100-25E1 5V+10% 


140mA/1mA PSOJ28 
120mMA/1imA PSOJ28 
120mA/imA PSOJ28 
M624256-15E1 256K x 4 5V + 10% 140mA/1mA PSOJ28 
M624256-17E1 256K x 4 5V+10% 
M624256-20E1 256K x 4 5V+10% 120mA/1mA Common |/O PSOJ28 
M624256-25E 1 256K x 4 5V+10% 120mMA/1imA Common I/O PSOJ28 


140mA/1imA PSOJ28 
5V+10% 140mA/imA With Output Enable 0 to 70 PSOJ32 
5V+10% 140mA/1mA With Output Enable 0 to 70 PSOJ32 


Separate I/O 


Separate I/O 


Common I/O 


Common I/O 


AQGINS NOILOATAS 
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STATIC RAMs 


FAST SRAM (cont’d) 


ae Speed P Temperature 
Part Number | Organisation (ns) Vcc Range Active/Stby Features Range (°C) Package 
M628128-20E1 128Kx8 120mA/1mA | WithOutputEnable |  Oto70 | PSOJ32 
M628128-25E1 128K x 8 120mA / 1mA_ With Output Enable __ PSOJ32_ 
CACHE MEMORIES 
Organisation Part Number =peed Function Vcc Range Te pereule Package 
(ns) Range (°C) 


MK41S80X10 Very Fast TAGRAM 5V + 10% PSOJ24 
MK41S80X10/20 10 Very Fast TAGRAM 5V + 10% PSOJ24TR 
MK41S80N12 12 Very Fast TAGRAM 5V + 10% PSDIP22 
MK41S80X12 12 Very Fast TAGRAM 5V +10% 0 to 70 PSOJ24 
MK41S80X12/20 | 12 Very Fast TAGRAM 5V + 10% 0 to 70 | PSOJ24TR 
MK41S80N15 15 Very Fast TAGRAM 5V + 10% 0 to 70 | PSDIP22 
MK41S80X15 15 Very Fast TAGRAM 5V + 10% 0 to 70 | PSOJ24 
MK41S80X15/20 15 Very Fast TAGRAM 5V + 10% 0 to 70 | PSOJ24TR 
MK41S80N20 20 Very Fast TAGRAM 5V + 10% 0 to 70 PSDIP22 
MK41S80X20 20 Very Fast TAGRAM 5V + 10% 0 to 70 PSOJ24 
MK41S80X20/20 20 | Very Fast TAGRAM 5V +10% | 0 to 70 | PSOJ24TR 
MK41H80N25 25 Fast TAGRAM 5V + 10% 0 to 70 | PSDIP22 
MK41S80N25 | 25 Very Fast TAGRAM 5V +10% 0 to 70 | PSDIP22 
MK41S80X25 25 Very Fast TAGRAM BV + 10% | PSOJ24 
MK41S80X25/20 Very Fast TAGRAM 5V + 10% PSOJ24TR 


AdINS NOILOATAS 


Ky 


SUMCUITTAOVDIIN 
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6E 


STATIC RAMs 


CACHE MEMORIES (cont'd) 


Organisation Part Number Pa Function Vcc Range pies Gey Package 

MK41H80N35 85 Fast TAGRAM 5V +10% __PSDIP22 _ 

8K x 8 MK48S80X15 15 Very Fast TAGRAM 5V+10% PSJO28 
MK48S80X15/20 15 Very Fast TAGRAM 5V+10% PSOJ28TR 
MK48S80N17 17 Very Fast TAGRAM 5V+10% PSDIP28 
MK48S80X17 17 Very Fast TAGRAM 5V+10% PSJO28 
MK48S80X17/20 17 Very Fast TAGRAM 5V+10% PSOJ28TR 
MK48S74N20 20 Very Fast TAGRAM 5V+10% PSDIP28 
MK48S80N20 20 Very Fast TAGRAM 5V+10% PSDIP28 
MK48S 74X20 20 Very Fast TAGRAM 5V+10% PSOJ28 
MK48S74X20/20 20 Very Fast TAGRAM 5V +10% PSOJ28TR 
MK48S80X20 20 Very Fast TAGRAM 5V+10% PSJO28 
MK48S80X20/20 20 Very Fast TAGRAM 5V+10% PSOJ28TR 
MK48S74N25 20 | Very Fast TAGRAM 5V+10% PSDIP28 
MK48S80N25 25 | Very Fast TAGRAM 5V + 10% PSDIP28 
MK48S74X25 25 | Very Fast TAGRAM 5V+10% PSOJ28 
MK48S74X25/20 25 Very Fast TAGRAM 5V+10% PSOJ28TR 
MK48S80X25 25 Very Fast TAGRAM 5V +10% PSJO28 
MK48S80X25/20 25 Very Fast TAGRAM 5V+10% PSOJ28TR 
MK48S74N35 35 Very Fast TAGRAM 5V +10% PSDIP28 
MK48S74X35 35 Very Fast TAGRAM 5V+10% PSOJ28 
MK48S74X35/20 35 Very Fast TAGRAM 5V + 10% PSOJ28TR __ 

32K x9 MK62486Q19 19 Burst SRAM (BRAM) 5V +10% PLCC44 
MK62940Q19 19 Burst SRAM (BRAM) 5V + 10% PLCC44 
MK62486Q24 24 Burst SRAM (BRAM) 5V +10% PLCC44 - 


AdInNdS NOILOATSS 
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STATIC RAMs 


CACHE MEMORIES (cont'd) 


| s2kx9 | aes PLOC44 
MK45180Q20 SnoopTAG 5V+10% 0 to 70 PLCC68 
2K x 20 MK4202Q17 Very Fast TAGRAM 5V+10% PLCC68 
MK4202Q20 Very Fast TAGRAM 
MK4202Q25 Very Fast TAGRAM 


5V+10% PLCC68 
BiPORT FIFO 


5V+10% PLCC68 
Kx5 MK4505MN25 25 Master FIFO 
MK4505MN33 33 Master FIFO 
MK4505MN50 50 Master FIFO 
MK4505SN25 25 Slave FIFO 
MK4505SN33 33 Slave FIFO 
MK4505SN50 Slave FIFO 


5V + 10% PSDIP24 
512 x9 MK45HO1N25 Very Fast FIFO 5V +10% 


Temperature 
Range (°C) 


Package 


Temperature 
Range (°C) 


Vcc Range 


5V + 10% PSDIP20 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 


5V + 10% PSDIP24 

5V + 10% PSDIP24 
5V +10% PSDIP20 
5V + 10% PSDIP20 

MK45HO1N35 Very Fast FIFO 5V+10% 

MK45HO1N50 Very Fast FIFO 5V + 10% 

MK45HO1N65 Very Fast FIFO 5V +10% 

MK45HO1N12 Very Fast FIFO 5V + 10% 


AGINS NOILOATAS 


NOSINOHL-S5S thy 


SDINOMLIITIOUSIN 


LV 


STATIC RAMs 


BiPORT FIFO (cont'd) 


ed Temperature 
512x9 MK45H11N25 Very Fast FIFO 5V+10% PSDIP28 
MK45H11N35 35 Very Fast FIFO 5V+10% PSDIP28 


PSDIP28 
PSDIP28 
PSDIP28 
PLCC32 
PLCC32 
PLCOC32 
PLOC32 
PLCC32 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PLCC32 
PLOC32 
PLCOC32 
PLCOC32 


Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 
Fast FIFO 5V +10% PLCC32 
Fast FIFO 5V + 10% PLCC32 


Very Fast FIFO 5V+10% 0 to 70 PDIP28 
Very Fast FIFO 5V +10% 0 to 70 PDIP28 


SV + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V +10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
5V + 10% 
5V+10% 
5V + 10% 
5V + 10% 


MK45H11N50 
MK45H11N65 
MK45H11N12 
MK45H01K25 
MK45H01K35 
MK45H01K50 
MK45H01K65 
MK45H01K12 
MK4501N65 
MK4501N80 
MK4501N10 
MK4501N12 
MK4501N15 
MK4501N20 
MK4501K65 
MK4501K80 
MK4501K10 
MK4501K12 
MK4501K15 
MK4501K20 


1Kx9 MK45H02N25 
MK45H02N35 


AQGINS NOILOATSS 
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STATIC RAMs 


BiPORT FIFO (cont'd) 


Temperature 
Range (°C) Package 


Organisation Part Numer Function Vcc Range 


3AqGINS NOILO3A14S 


My 


STINCLLIATIOUDIA 
NOSINOHL-S9S 


MK45HO2N50 
MK45HO2N65 
MK45HO2N12 
MK45H12N25 
MK45H12N35 
MK45H12N50 
MK45H12N65 
MK45H12N12 
MK45HO2K25 
MK45HO02K35 
MK45HO02K50 
MK45HO2K65 
MK45HO02K12 
MK45HO3N25 
MK45H03N35 
MK45H03N50 
MK45HO3N65 
MK45HO3N12 
MK45H13N25 
MK45H13N35 
MK45H13N50 
MK45H13N65 
MK45H13N12 
MK45H03K25 


Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 


SV + 10% 
SV + 10% 
5V + 10% 
SV + 10% 
5V + 10% 
5V +10% 
5V +10% 
5V + 10% 
SV + 10% 
5V +10% 
SV + 10% 
SV + 10% 
5V + 10% 
5V + 10% 
SV +10% 
5V +10% 
5V+10% 
5V + 10% 
SV + 10% 
5V+10% 
5V + 10% 
5V +10% 
5V+10% 


0 to 70 
0 to 70 
0 to 70 


5V+10% Oto 70 


PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PLOC32 
PLOC32 
PLOC32 
PLCC32 
PLCC32 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PSDIP28 
PLOC32 


My 


SOMOULITTIONTIN 
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eV 


STATIC RAMs 


BiPORT FIFO (cont'd) 


Organisation Part Numer ant Function Vcc Range ee ot Package 
MK45H03K35 30 Very Fast FIFO 5V +10% PLCC32 
MK45HO03K50 50 Very Fast FIFO 5V+10% PLCC32 
MK45HO3K65 65 Very Fast FIFO 5V +10% PLCC32 
MK45H03K12 120 Very Fast FIFO 5V+10% PLCC32 
MK4503N65 65 Fast FIFO 5V+10% PDIP28 
MK4503N80 80 Fast FIFO 5V +10% PDIP28 
MK4503N10 100 Fast FIFO 5V+10% PDIP28 
MK4503N12 120 Fast FIFO 5V +10% PDIP28 
MK4503N15 150 Fast FIFO 5V + 10% PDIP28 
MK4503N20 200 Fast FIFO 5V +10% PDIP28 

AK x9 MK45HO4N25 25 Very Fast FIFO 5V+10% PDIP28 
MK45HO4N35 35 Very Fast FIFO 5V+10% PDIP28 
MK45HO4N50 50 Very Fast FIFO 5V+10% PDIP28 
MK45HO4N65 65 Very Fast FIFO 5V+10% PDIP28 
MK45HO4N12 Very Fast FIFO 5V+10% PDIP28 


PSDIP28 
PSDIP28 
PSDIP28 


5V + 10% 
5V +10% 
5V + 10% 


Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 
Very Fast FIFO 5V +10% PSDIP28 
Very Fast FIFO 5V +10% PSDIP28 
Very Fast FIFO 5V+10% PLCC32 
Very Fast FIFO 5V+10% PLCC32 
Very Fast FIFO 5V +10% PLCC32 
Very Fast FIFO 5V + 10% PLCC32 


MK45H14N25 
MK45H14N35 
MK45H14N50 
MK45H14N65 
MK45H14N12 
MK45HO04K25 
MK45HO4K35 
MK45HO4N50 
MK45HO4K65 
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STATIC RAMs 


BiPORT FIFO (cont'd) 


Temperature 


Package 


Range (°C) 
BV + 10% 
8K x9 MK45HO8N25 25 Very Fast FIFO 5V+10% PDIP28 
MK45HO08N35 35 Very Fast FIFO 5V+10% PDIP28 
MK45HO8N50 50 Very Fast FIFO 5V +10% PDIP28 
MK45HO8N65 65 Very Fast FIFO 5V+10% PDIP28 
MK45H08N120 120 Very Fast FIFO 5V+10% PDIP28 


ZEROPOWER and TIMEKEEPER 


poate Speed : Temperature 
om Part Number Function Vcc Range Range (°C) Package 


MK48CO2AN15 2K x 8 15 ZEROPOWER SRAM w/out Battery 5V +10/-5% PDIP28 
MK48C02AN20 2K x8 20 ZEROPOWER SRAM w/out Battery 5V +10/-5% PDIP28 
25 
1 


MK48C02AN25 2K x 8 ZEROPOWER SRAM w/out Battery 5V +10/-5% PDIP28 


MK48C02AK15 2K x 8 5 ZEROPOWER SRAM w/out Battery 5V +10/-5% PLCC32 
MK48C02AK20 2K x 8 20 ZEROPOWER SRAM w/out Battery 5V +10/-5% PLCC32 
25 


MK48CO02AK25 2K x 8 ZEROPOWER SRAM w/out Battery SV +10/-5% PLCC32 
MK48202B12 ZEROPOWER SRAM 5V +10/-5% PHDIP24 
MK48202B15 ZEROPOWER SRAM 5V +10/-5% PHDIP24 
MK48Z02B20 ZEROPOWER SRAM 5V +10/-5% PHDIP24 
MK482Z02B25 ZEROPOWER SRAM SV +10/-5% PHDIP24 
MK48212B12 ZEROPOWER SRAM SV + 10% PHDIP24 


AGINS NOILOA TAS 


STATIC RAMs 


ZEROPOWER and TIMEKEEPER (cont'd) 


Temperature 
Vcc Range Range (°C) Package 


Speed 


Part Number Organisation (ns) 


NOSWOHL-S5S thy 


SDINOMLITITAIOWDIN 


SV 


MK48Z12B15 
MK48212B20 
MK48212B25 
MKI482Z02B15 
MKI48Z202B20 
MK1482Z02B25 
MK148212B15 
MK1482Z12B20 
MK1482Z12B25 
MK48Z08B70 
MK48Z08B10 
MK48209B10 
MK48Z18B10 
MK48219B10 
MkK148218B10 
MK482Z30B70 
MK482Z30B12 
MK48230YB70 
MK482Z30YB12 
MK48232B70 
MK48232B12 
MK482Z32YB70 
MK482Z32YB12 


ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 
ZEROPOWER SRAM 


SV +10% 
SV + 10% 
5V + 10% 
SV +10/-5% 
5V +10/-5% 
SV +10/-5% 
5V + 10% 
5V + 10% 
5V + 10% 
5V +10/-5% 
5V +10/-5% 
5V +10/-5% 
5V +10% 
5V + 10% 
5V + 10% 
5V +10/-5% 
5V +10/-5% 
5V + 10% 
5V + 10% 
SV +10/-5% 
5V +10/-5% 
SV + 10% 
5V + 10% 


0 to 70 
0 to 70 
0 to 70 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
—40 to 85 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
0 to 70 
—40 to 85 


PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 
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M482Z128-85PM1 
M482Z128-120PM1 
M482Z128Y-85PM1 
M48Z128Y-120PM1 
M462Z128-85PM1 
M462128-120PM1 
M462128Y-85PM1 
M462128Y-120PM1 
M482Z256-85PL1 
M482256-120PL1 
M482256Y-85PL1 
M48Z256Y-120PL1 
M462Z256-85PM1 
M462Z256-120PM1 
M462Z256Y-85PM1 
M46Z256Y-120PM1 
M482512-85PL1 
M48Z512-120PL1 
M482Z512Y-85PL1 
M482Z512Y-120PL1 


MK41 TS6NO00 


MK48T85Q24 
MK48T87B24 
MK48T87AB24 


ZEROPOWER and TIMEKEEPER (cont'd) 


Part Number Organisation Lid 


120 
120 
120 
120 
120 
120 
120 
120 
120 

20 


128K x 8 
128K x8 
128K x8 
128K x 8 
128K x 16 
128K x 16 
128K x 16 
128K x 16 
256K x 8 
256K x 8 
256K x 8 
256K x 8 
256K x 16 
256K x 16 
256K x 16 
256K x 16 
512K x 8 
512K x 8 
512K x 8 
512K x 8 
64 x8 
64 x8 
64x 8 
64x8 


Function 


ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 
ZEROPOWER SRAM Module 


Vcc Range 


5V +10/-5% 
5V +10/-5% 


5V + 10% 
5V + 10% 


SV +10/-5% 
SV +10/-5% 


5V + 10% 
SV + 10% 


SV +10/-5% 
SV +10/-5% 


5V +10% 
5V + 10% 


SV +10/-5% 
SV +10/-5% 


5V + 10% 
5V+10% 


5V +10/-5% 
SV +10/-5% 


5V + 10% 
5V + 10% 


Temperature 


STATIC RAMs 


Package 


PMDIP32 
PMDIP32 
PMDIP32 
PMDIP32 
PMDIP40 
PMDIP40 
PMDIP40 
PMDIP40 
PMLDIP32 
PMLDIP32 
PMLDIP32 
PMLDIP32 
PMDIP40 
PMDIP40 
PMDIP40 
PMDIP40 
PMLDIP32 
PMLDIP32 
PMLDIP32 
PMLDIP32 


Ik BAe Se (°C Bus, Real Time Clock 5V + 10% PSDIP8 


PC Clock, Addr/Data MPX . 
PC Clock, Addr/Data MPX 
PC Clock, Addr/Data MPX 


SV + 10% 
5V + 10% 
5V + 10% 


PLOC28 
PHDIP24 
PHDIP24 
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STATIC RAMs 


ZEROPOWER and TIMEKEEPER (cont'd) 


Temperature 


Function Vcc Range Range (°C) 


Size Part Number Organisation Package 


PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP24 
PHDIP28 
PHDIP28 
PHDIP28 
PHDIP28 


0 to 70 PLCC44 
0 to 70 PLCC28 


TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 
TIMEKEEPER SRAM 


Processor Manager 
Processor Manager 


5V +10/-5% 
5V +10/-5% 
5V +10/-5% 
5V +10/-5% 
5V + 10% 
5V + 10% 
5V+10% 
SV +10/-5% 
5V +10/-5% 
5V+10% 

5V + 10% 
SV + 10% 
5V + 10% 


16K MK48T02B12 
MK48T02B15 
MK48T02B20 
MK48T02B25 
MK48T12B15 
MK48T12B20 
MK48T12B25 
MK48T08B10 
MK48T08B15 
MK48T18B10 
MK48T18B15 
M48C1001-45K1 
M48C1002-45K1 


AGINS NOILOATSS 


CMOS EPROM 


Ay, Biponsernonnes 


M27C64A 


CMOS 64K (8K x 8) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 150ns 


# COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


= LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

# PROGRAMMING VOLTAGE: 12.5V 


=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


» HIGH SPEED PROGRAMMING 
(less than 1 minute) 


DESCRIPTION 


The M27C64A is a high speed 65,536 bit UV eras- 
able and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 8,192 
by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C64A is offered in Plastic Leaded Chip Carrier 
package. 


Table 1. Signal Names 


oo 
ie 
a 
es 


Program Supply 
Supply Voltage 


May 1992 


FDIP28W_ (F) PLCC32 (C) 


Figure 1. Logic Diagram 


M27C64A 


VA00B34 
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31 


M27C64A 


Figure 2A. DIP Pin Connections 


M27C64A 


VA00835 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


[| Ambient Operating Temperature. 


grade 1 
grade 6 


Temperature Under Bias —50 to 125 


Figure 2B. LCC Pin Connections 


M27C64A 295 


VA00836 


0 to 70 
—40 to 85 


Input or Output Voltages —0.6 to 7 
Supply Voltage —0.6 to 7 


AQ Voltage —0.6 to 13.5 
Program Supply Voltage —0.6 to 14 


Note: Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


Storage Temperature —65 to 150 = 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The modes of operation of the M27C64A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27C64A has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs.Chip Enable (E) is the power 
control and should be used for device selection. 


2/8 ‘STA SGS-TH 


Output Enable (G) is the output contro! and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of terav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-icLav. 


Standby Mode 


The M27C64A has a standby mode which reduces 
the active current from 30mA to 100uA. The 


OMSON 


MICROELECTRONICS 


92 


DEVICE OPERATION (cont'd) 


M27C64A is placed in the standby mode by apply- 
ing a CMOS high signal to the E input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. Tre magnitude of 


Table 3. Operating Modes 


Notes. X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 
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Electronic Signature Codes 
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the transient current peaks is dependent on the 
Capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. Itis recommended that a 1uF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C64A are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" toa "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C64A is in the 
programming mode when Vpp input is at 12.5V, and 
E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6V + 
0.25V. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
JEST C, =100pF 


I 


VA00826 C; includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Note: This parameter is sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 


VALID 


tAVQV tAXQX 


[-—_ 


DATA OUT 


VA00778 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C: Vcc = 5V + 10%; Vpp = Voc) 


[symboi | ___Parameter__——|_—TestCondition | min | Max | Unit 
Ts | ettenge Cured | ove Wwsvon P| a 
Tio | ouputtesage ret [ove vonsver [| so aa 
cc [Supyouren dca tesmie | | o> ma | 
Supply Current (Standby) TTL | = Vin || tm 
Supply Current (Standby) CMOS | _——E>Voc-ozv | | t00 | 
a a ee 
Tu [patton tage ese 
a [nputtigh votage fe oe 
Pelosi [esti Foe 

[oupattigh votes | t= atouae | aa |v 

Output | Output High Voltage CMOS Voltage CMOS lon = —100nA Voc-07V} 0 dT 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously with or after Vep 


Table 7. Read Mode AC Characteristics ™ 
(Ta = 0 to 70 °C or —40 to 85 °C: Veco = 5V + 10%; Vpp = Voc) 


marceaa | | 
Symbol Parameter 


nese 
eo fo Be ewe] fol lel Tel [ele 
| tao | tee [atingrmmgtore | cove | [150] [ooo] [280] [00] ns 
ree fees [em | fol fel Jol fol 
woox™ | or [Sipgrmetere | save [0 [so] 0 |eo| 0 [oo] o [105] ws | 
avin bee Tak ose ee 
[wor | ton [Aitesstanstions le-vwgevlo] fo} fo} fof | 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp 
2. This parameter is sampled only and not tested 100% 


Test Condition 
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Table 8. Programming Mode DC Characteristics ") 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


[Parameter | Tetconatton [wn 
ea ae ee 
ee Cee ee 
a a 
[va [iputtow vatage dC 
[Vn [ rps vetage de ves 
[va | ouittow votage | tareaima | —~ipon| 
[ve [over issctma [ee Pv 
[vo [asvowge ids es 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(TA = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


[symbot[ at [Parameter | Tewtconation [wm [wax [ont 
a ee 
Pion | te | mpaveisorogamion | | 2] | a 
ee | ee eee | ed 
wwe | tee | vectighteProgamiow [Sid eT 


Chip Enable Low to 
a ee Et 
} Program Pulse Width (Initial) Pulse Width (Initial) 
IPLPH Program Pulse Width (Over 78.75 
Program) 
Program High to Input 
Input Transition to Output 
foxet foes Enable Low 
Output Enable Low to 
tao | te Output Valid an a cee 
Output Enable High to 
ar Output Hi-Z Pf | tm fos 
Output Enable High to 
Address Transition MS 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Ver 
2. This parameter ts sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVPL-» 


DATA IN 


tQVPL> 


PROGR AM —_____ 4 VERIFY. ——> 


VACC773 


Figure 7. Programming Flowchart High Speed Programming 


The high speed programming algorithm, described 
in the flowchart, rapidly programs the M27C64A 
using an efficient and reliable method, particularly 
suited to the production programming environ- 
ment. An individual device willtake around 1 minute 
to program. 


Program Inhibit 


Programming of multiple M27C64<A in parallel with 

| P=ims Pulse | different data is also easily accomplished. Except 

Ne for E, all like inputs including G of the parallel 

M27C64A may be common. ATTL low level pulse 

applied to a M27C64A E input, with P low and Vpp 

at 12.5V, will program that M27C64A. A high level 

J ++Adar | E input inhibits the other M27C64A from being 


programmed. 
Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.5V and Vcc at 6V. 


Electronic Signature 


Vee = 98Y, Vpp = <¥ The Electronic Signature mode allows the reading 
Check ali bytes out of a binary code from an EPROM that will 
VAC0775 identify its manufacturer and type. This mode is 

intended for use by programming equipment to 


P= Pome Pulse by Puise by n oe 
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DEVICE OPERATION (cont'd) 


automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C64A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C64A, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. 


Byte 0 (A0=ViL) represents the manufacturer code 
and byte 1 (AO=Vin) the device identifier code. For 
the SGS-THOMSON M27C64A, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C64A is 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


M27C64A_-15 


Example: 


Sp 
-15 150 ns blank + 10% F 
-20 200 ns C 
-25 250 ns 
-30 300 ns 


FDIP28W 1 
PLCC32 6 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C64A in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C64A is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C64A window to prevent unintentional era- 
sure. The recommended erasure procedure for 
the M27C64A is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C64A should 
be placed within 2.5 cm (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before erasure. 


Temperature Range 


0 to 70°C X 
—40 to 85 °C 


Additional 
Burn-in 


TR Tape & Reel 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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kys SCS THOMSON M27C128A 


CMOS 128K (16K x 8) UV EPROM 


ADVANCE DATA 


a» VERY FAST ACCESS TIME: 120ns 


=» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


=» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uUA 

=» PROGRAMMING VOLTAGE: 12.75V 


» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING FDIP28W  (F) 


= PROGRAMMING TIMES OF AROUND 2sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C128A is a high speed 131,072 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 16,384 Figure 1. Logic Diagram 
by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


Table 1. Signal Names 


Output Enable 

Cs 
ie | Prem Say 
[Veo 
[Ves 


VA00832 


Supply Voltage 


May 1992 1/8 


This is advance information on a new product now tn development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings 


Ta Ambient Operating Temperature: grade 1 0 to 70 
—40 to 85 


Unit 


Note: Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2. DIP Pin Connections 


1 

2 
3 
4 
5 
6 
5 
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DEVICE OPERATION 


The modes of operation of the M27C 128A are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27C128A has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLaqv). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 


tavav-IGLav. 
Standby Mode 


The M27C128A has a standby mode which re- 
duces the active current from 30mA to 100A. The 
M27C128A is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
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DEVICE OPERATION (cont'd) 


control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Table 3. Operating Modes 


H 
Standby 
Electronic Signature 


Notes: X = Vin or Vit, Vin = 12V +0 5V. 


Table 4. Electronic Signature 


Device Code 


| _identiier | ao | a7 | as | os | as | as | a2 | at | ao | HexData 
[ManufacturersCode | ve | 0 | o | 1 | o | o | o | o | o | am | 
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Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C128A are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C128A is in the 
programming mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6.25V + 
0.25V. 


PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 2 seconds. Programming with 
PRESTO Il involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify op- 
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


Q0 - Q7 


[Ver | HZ 


Hi-Z 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 
Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C| =100pF 


a 


VA00826 C,; includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition | Min 
input Capacitance |) weov | 
Output Capacitance | Vorsov | 


Note: This parameter ts sampled only and not tested 100% 


Figure 5. Read Mode AC Waveforms 


DATA OUT 


(ara 


VA00771 
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Table 6. Read Mode DC Characteristics 
(Ta =0 to 70 °C or —40 to 85 °C; Vcc = 5V + 10%; Vpp = Voc) 


[symbol | Parameter | Test Condition | _win | Max | Unit 
tu iputucckage cures | —oveVwsvec «| Ow 
to | outtvesiage Curent | _evsVoursveo | —+(| 10 wa 
[ts [emnowen [Bava Sevteemre [a9 | ot 
Supply Current (Standby) TTL = Vin 

aa a= IS 
a CT 
[vr pat righ Votage | SSS~S eet | 
Se en a a ee a 
[Output igh Votage TTL | tows —t00na | ze |v 
jon=~0008 | Voo-o.rv| | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —-40 to 85 °C; Vcc = SV + 10%; Vpp = Vcc) 


<_ — 


Sea oe a tel ie ets 
Chip Enable Low to 7 

[ee | [=| fel [=| 
Output Enable Low a 

oxo | eu | [#| [=| [ol™ 


M27C128A 


Test Condition 


on w [agsaewrn [oe [To To [o [= [fo fo 

es ee ces 
Address Transition to _ _ 

Ouiput Transition | E= Vt = Vi po} fe} fe] fa 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2 This parameter is sampled only and not 100% tested. 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[Parameter | TeetGonation [wm 
a haa ae 

a 
[ie | Poganouren Eee Pk 
Twa | iputtow tags die 
SR 
[va | outpttow votage | teeaima [| oe |v 
[vos fovestin ener [secon [ae [Tv 
[ve [revere Pins es 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vep. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Tan [Parameter | Test Conaon 
Ts 
es _[euveisioreganion | 
iwiee | te | VertightoProgamtow | 
tem | tes | Ves tightePegamtow | 

ara 


t t Chip Enable Low to 
a CES | Program Low 


Program Pulse Width 
Program High to Input 
Et —F 
Input Transition to Output 
toxet 'oES_| Enable Low 
Output Enable Low to 
E | Output Valid 


meaner rE 
t t Output Enable High to 
alate ae Address Transition 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 


DATA OUT 


— 


PROGRAM —————s——_._ VERIFY. ——™! 


VACS772 


Figure 7. Programming Flowchart Program Inhibit 


Programming of multiple M27C 128A in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27C128Amay be common. ATTLIow level pulse 
applied to a M27C128A E input, with P low and Vpp 
at 12.75V, will program that M27C128A. A high 
level E input inhibits the other M27C128A from 
being programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
Ven = So Se 2 fy This mode is functional in the 25°C + 5°C ambient 
rae a temperature range that is required when program- 
ming the M27C128A. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C128A, with 


Check cli Bytes 


VAUCTIS 
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DEVICE OPERATION (cont'd) 


Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vi_ to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (A0=Vin) the device identifier code. For 
the SGS-THOMSON M27C128A, these two iden- 
tifier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C128A is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 


ORDERING INFORMATION 


Example: M27C128A -12 


lengths in the 3000-4000 Arange. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C128A in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C128A is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C128A window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C128A is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C128A 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 


1 X 
Temperature Range 


Pac 
42 120ns blank = + 10% F  FDIP28W 1 Oto 70°C X Additional 
45 150ns 6 —40 to 85 °C pea 
-20 200 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 


Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 
For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27C256B 


CMOS 256K (32K x 8) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 80ns 


= COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30 mA 
— Standby Current 100 pA 

=» PROGRAMMING VOLTAGE: 12.75V 


=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


=» PROGRAMMING TIMES OF AROUND 38sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C256B is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems. 
It is organized as 32,768 by 8 bits. 

The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C256B is offered in Plastic Dual-in-Line, Plas- 
tic Leaded Chip Carrier, Plastic Small Outline and 
Plastic Thin Small Outline packages. 


Table 1. Signal Names 


March 1992 


FDIP28W_ (F) 


PDIP28 (B) 


PSO28 (M) 
330 mils 


PTSO28 (N) 
8 x 13.4mn 


Figure 1. Logic Diagram 


M27C2956B 


VA00755 


1/8 
67 


M27C256B 


Table 2. Absoulte Maximum Ratings 


symbol | Parameter | ate | Unit 


Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 °C 
grade 6 —40 to 85 
grade 7 —40 to 105 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2A. DIP Pin Connections Figure 2B. SO Pin Connections 


M27C256B M27C256B 


O ON oa UA WP 


M27C256B 25 M27C256B 


VA00757 


Warning: NC = No Connection, DU = Dont'’t Use. 
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DEVICE OPERATION 


The modes of operation of the M27C256B are 
listed in the Operating Modes. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A@ for Elec- 
tronic Signature. 


Read Mode 


The M27C256B has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLaqv). Data 
is available at the output after delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-iGLav. 


Standby Mode 


The M27C256B has a standby mode which re- 
duces the active current from 30 mA to 100uA (or 
200uA, see Read Mode DC Characteristics Table 
for details). The M27C256B is placed in the standby 
mode by applying a CMOS high signal to the E 
input. When in the standby mode, the outputs are 
in a high impedance state, independent of the G 
input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 


Table 3. Operating Modes 


Verity 


Standby 


Notes. X = Vinor Vi, Vin = 12V +0 5V 


Table 4. Electronic Signature 


a 


Program inhibit a 
a >” 
Electronic Signature | Mu | ue | | co | Cdes 


[vaeniter [ao | ar [oe [os [ov [os [ce | or | on | wexoow 
ree Oe 
Powe coe wwf 1 fo lo fels f+ [ols] on 
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memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 


System Considerations 


The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1LF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 


ee Data Out 


po | o | o | ah | 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


a 


VAO0B26 C; includes JiG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Test Condition 


input Capacitance 
Output Capacitance Vout = OV 


Note: This parameter is sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics “ 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or 40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 


a 
is | wputetape Gunert [vs Vnsveo 
To | out esage Cured | oveVarsvec [| [wa 
Tee supyowen Eee 

ana 


Supply Current (Standby) TTL 
(2) E 
lcce Supply Current (Standby) CMOS E > Vcc —0.2V 100 LA 
Input Low Voltage ee ee ee 


Output High Voltage TTL 3 
Output High Voltage CMOS loo = —100nA — 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. For speeds -80, -90 and Option "L" only For other types the maximum Icc2 is 200A 
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Table 7A. Read Mode AC Characteristics “ 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or -40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


tae 
Symbol Parameter 


ae 

= ee on Ets 
Pew | geme=™ [em fm) ol fool fle 
ro [ow apeaer=> [em | [wl fol [| fol 
ww ages | ow |e |m[o[m]o[m|o [a] 
9 a oooood005 
fo [om esamgr™ Teoweew fol To [ol [el Te 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or 40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


™ | 


win | Max | Min | Max | min | Max 
wor | wos [Adtiossvaidio Gupta | E-vnGavu| [150] [200] | 250] as 
| terv | toc |ChipEnableLowto Output Vaid |  G=vn | | t50| | 200] | 250 | ns 
| texav_| toe |Output Enable Lowto Output valid | E=vn | | 65 |_| 70 | | t00| ns 
[tewaz® | tor [Chip Enable HightoOuputHiz |  G=vn | 0 | 80 | 0 | 60 | o | 60 | as | 
| tcvaz™ | tor |Output Enable High to OutputHiz | E=vn | 0 | 50 | 0 | 60 | 0 | 60 | ns 
pees eet PEELE 
Output Transition 


Notes: 1 Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested 


Test Condition 


a 


M27C256B 


Test Condition 


Figure 5. Read Mode AC Waveforms 


, VALID 3 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Note: 1. Vcc must be applied simultaneously with or before Ver and removed simultaneously or after Vpp 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Parameter 


Address Valid to Chip Enable Low 


tov | tos [input Vaidio Chip EnabioLow | 
| wena | tves | VeeHightoChipEnableLow | 
| vores | tvos | VocHigh to ChipEnabletow | 
tan | ew | chip Enable Program Puse wan | 
Chip Enable High to Input Transition Lod 
tra | tes | tpt Tansionio Ouipt nals Low | 
Ttswx | tw | Output Enable High oadess Tension [ 


Test Condition 


9 


5 105 
2 
2 
100 
130 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


DEVICE OPERATION (cont'd) 


between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C256B are in the “1" 
state. Data is introduced by selectively program- 


ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a ’1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C256B is in the 
programming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25 V + 0.25 V. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows to pro- 
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se- 
quence of 100us program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto- 
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over- 

— program pulse is applied since the verify in MAR- 
GIN MODE provides necessary margin to each 
programmed cell. 


Program Inhibit 


Programming of multiple M27C256Bs in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C256B may be common. A TTL low 
level pulse applied to a M27C256B’s E input, with 
Vpp at 12.75 V, will program that M27C256B. A 
high level E input inhibits the other M27C256Bs 
from being programmed. 


Program Verify 


VCC = SV, Vpp = OV 

Check all bytes A verify (read) should be performed on the pro- 

grammed bits to determine that they were correctly 

programmed. The verify is accomplished with G at 
Vit, E at Vin, Vep at 12.75V and Vcc at 6.25V. 


VA00760 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when pro- 
gramming the M27C256B. To activate this mode, 
the programming equipment must force 11.5V to 
12.5V on address line AQ of the M27C256B, with 
Voc = Vpp = 5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. Byte 0 (A0=ViL) represents the manu- 
facturer code and byte 1 (A0=ViH) the device 
identifier code. For the SGS-THOMSON 
M27C256B, these two identifier bytes are given 
here below, and can be read-out on outputs Q0 to 
Q7. 


ERASURE OPERATION (applies for UV EPROM) 


The erasure characteristics of the M27C256B is 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M27C256B in about 
3 years, while it would take approximately 1 week 
to cause erasure when exposed to direct sunlight. 
If the M27C256B is to be exposed to these types 
of lighting conditions for extended periods of time, 
it is suggested that opaque labels be put over the 
M27C256B window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C256B is exposure to short, wave ultraviolet 
light which has wavelength 2537A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm?. The era- 
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
W/cm? power rating. The M27C256B should be 
placed within 2.5 cm (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era- 
sure. 


Example: M27C256B -80 X F 1 L 


-80 80 ns X + 5% F FDIP28W 1 Oto70°C L Low Power 
-90 90 ns blank  +10% B  PDIP28 3 -40t0125°C  X _ Additional 
410 100ns C  PLCC32 6 -40 to 85°C euoAn 

-12 120 ns M _ PSO28 7 Zipiotoate: “1: “lepee ned 
45 1450 ns 330 mils 

“20 200 ns . eevee 

-25 250 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M87C257 
ADDRESS LATCHED 


CMOS 256K (32K x 8) UV EPROM and OTP ROM 


=» INTEGRATED ADDRESS LATCH 
=» VERY FAST ACCESS TIME: 100ns 


=» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


# LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 200uA 

= PROGRAMMING VOLTAGE: 12.75V 


=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES OF AROUND 3sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M87C257 is a high speed 262,144 bit UV 
erasable and electrically programmable memory 
EPROM. The M87C257 incorporates latches for all 
address inputs to minimize chip count, reduce cost, 
and simplify the design of multiplexed bus systems. 


The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has a transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M87C257 is offered in Plastic Leaded Chip Carrier, 
package. 


Table 1. Signal Names 


fe [orpenstio 
fe ovmene 
Tes | Say etage 
Tvs [een 


May 1992 


FDIP28W_ (F) PLCC32 (C) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections Figure 2C. LCC Pin Connections 
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Table 2. Absoulte Maximum Ratings 


grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


grade 7 —40 to 105 
Temperature Under Bias —50 to 125 | eee 
TstG Storage Temperature —65 to 150 ae 


a 
[Veo [suppyvetage Side 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION Read Mode 


The modes of operation of the M87C257 are listed The M87C257 has two control functions, both of 
in the Operating Modes. A single 5V power supply which must be logically active in order to obtain 
is required in the read mode. All inputs are TTL data at the outputs. Chip Enable (E) is the power 
levels except for Vpp and 12V on AQ for Electronic control and should be used for device selection. 


Signature. Output Enable (G) is the output control and should 
2/9 é 
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DEVICE OPERATION (cont'd) 


be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable (AS = Vin) or latched (AS = ViL), 
the address access time (tavav) is equal to the 
delay from E to output (teLqv). Data is available at 
the output after delay of teLav from the falling edge 
of G, assuming that E has been low and the ad- 
dresses have been stable for at least tavav-tcLav. 


The M87C257 reduces the hardware interface in 
multiplexed address-data bus systems. The pro- 
cessor multiplexed bus (ADO-AD7) may be tied to 
the M87C257’s address and data pins. No sepa- 
rate address latch is needed because _the 
M87C257 latches all address inputs when AS is 
low. 


Standby Mode 


The M87C257 has a standby mode which reduces 
the active current from 30mA to 200uA. The 
M87C257 is placed in the standby mode by apply- 
ing a CMOS high signal to the E input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 


Table 3. Operating Modes 


| Mode 


Program Inhibit 


Standby 


Notes: X = Vinor Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


|__lentiier_ | ao_| a7 | a6 
Manufacturer's Code lv | o | o | 
[eve code | vw | 1 | 0 


res [os [os [a [a | a0 | Hexbaa 
ri fete pefolo | m 
Pe fe fe fe fe]. | en 
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memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is desired from a particular memory device. 


System Considerations 


The power switching characteristics of Advance 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
this transient current peaks is dependent on the 
capacitive and inductive loading of the device atthe 
output. The associated transient voltage peaks can 
be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1F ceramic 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 
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OD 
UNDER OUT 
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meee C= 100pF 
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VAQ0826 C, includes JIG capacitance 
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Table 5. Capacitance (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance Vout = OV 


Note: This parameter is sampled only and not tested 100% 


| min | Max | Unit 
ey A ee 
aes Ee Ee 


Figure 5. Read Mode AC Waveforms 
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Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70°C, —40 to 85°C, —40 to 105°C or -40 to 125°C; Voc = 5V + 5% or 5V + 10%; Vep = Vcc) 


symta [Parmeter | Tesiconaon [ttn 
a 
Tie [oupatteageGuret[ovsVansvee | 
Se 


a 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2. Stable Inputs 


Table 7. Read Mode AC Characteristics ™ 
(Ta = 0 to 70°C, 40 to 85°C, —40 to 105°C or —40 to 125°C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


me on | mee Cee 
a 


Address Valid to Output 
tavav tacc Valid 

Address Valid to Address 
TAVASL TAL Strobe Low 
geueme | [=| [=| [=| [=| [= 
germ | |#| #| #| =| |» 
serene | f=| fe] [| [=| |» 
eran’ fem] fm] [=| [=| [=| e| 
a 
ssa few fol@[>l@[ol@|-lo]= 
ame Lew [el@le[=lel@lelo|~ 
: , Address Transition to E=Vi, a2 
coe OM) Output Transition G= 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2 This parameter is sampled only and not 100% tested. 
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Table 8. Programming Mode DC Characteristics ) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol Test Condition | Min 
Input Leakage Curent ee ee 


Supply Curren ae 


tee 

| vu | tnputtowvotage | | os fw | 
| vm | imputtigh voge | | cots | 
| Vo. | OutputtowVottage | tanta | |e | 
| Vou | OutputHigh Votage TT | ton =-tma | Voo-oav | | 
| vo [Aovote | tt 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symbol | ar | Parameter |_Test Condition 
, 
OE 
taH 


ew | toe | Outpt Enabie Low to Output Vaid 
tows [tw [Output Enable Hic io Adres Tension 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


t Chip Enable High to Input Transition 
t 


ice) 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart DEVICE OPERATION (cont'd) 


capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vsgs for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
Capacitor is to overcome the voltage drop caused 


= by the inductive effects of PCB traces. 
| Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M87C257 are in the “1" 
state. Data is introduced by selectively program- 
++Addr ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a’"1" is by die exposition to ultravi- 
olet light (UV EPROM). The M87C257 is in the 
programming mode when Vpp input is at 12.75 V, 
and E is at TTL-low. The data to be programmed 
: is applied 8 bits in parallel to the data output pins. 
Voc = 5V. Vpp = SV The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25 V + 0.25 V. 
Check all bytes 


VA00760 
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PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows to pro- 
gram the whole array with a guaranteed margin, in 
a typical time of less than 3 seconds. Programming 
with PRESTO II involves the application of a se- 
quence of 100us program pulses to each byte until 
a correct verify occurs. During programming and 
verify operation, a MARGIN MODE circuit is auto- 
matically activated in order to guarantee that each 
cell is programmed with enough margin. No over- 
program pulse is applied since the verify in MAR- 
GIN MODE provides necessary margin to each 
programmed cell. 


Program Inhibit 


Programming of multiple M87C257s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M87C257 may be common. ATTL low level pulse 
applied to a M87C257’s E input, with Vep at 12.75 
V, will program that M87C257. A high level E input 
inhibits the other M87C257s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit, E at Vin, Vpp at 12.75V and Vcc at 6.25V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M87C257. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 


on address line AQ of the M87C257, with Vcc = Vpp 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. Byte 0 
(A0=Vi_L) represents the manufacturer code and 
byte 1 (A0=Vin) the device identifier code. When 
AQ = Vip, AS need not be toggled to latch each 
identifier address. For the SGS-THOMSON 
M87C257, these two identifier bytes are given here 
below, and can be read-out on outputs QO to Q7. 


ERASURE OPERATION (applies for UV EPROM) 


The erasure characteristics of the M87C257 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M87C257 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M87C257 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M87C257 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M87C257 is exposure to 
short wave ultraviolet light which has wavelength 
2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dos- 
age is approximately 15 to 20 minutes using an 
ultraviolet lamp with 12000 uW/cm? power rating. 
The M87C257 should be placed within 2.5 cm (1 
inch) of the lamp tubes during the erasure. Some 
lamps have a filter on their tubes which should be 
removed before erasure. 
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ORDERING INFORMATION 


Example: M87C257 -10 X F 1 eL 
Ty] 
Pe 


-10 100 ns + 5% F FDIP28W 1 Oto70°C L Low Power 
42 120ns blank + 10% C  PLCC32 3  -40t0125°C xX Additional 
45 150ns 6 40 to 85°C Eula 

20 200ns 7 stoi ioste: TT TSR eee 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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Ay StS OMON M27C512 


CMOS 512K (64K x 8) UV EPROM and OTP ROM 


a VERY FAST ACCESS TIME: 80ns 


» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


a» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

=» PROGRAMMING VOLTAGE: 12.75V { 


= ELECTRONIC SIGNATURE FOR AUTOMATED FDIP28W  (F) PDIP28 (8) 
PROGRAMMING 


= PROGRAMMING TIMES OF AROUND 6sec. 
(PRESTO IIB ALGORITHM) 


3 
| 


DESCRIPTION 
The M27C512 is a high speed 524,288 bit UV PLCC32 (C) PTSO28 (N) 
erasable and electrically programmable EPROM 8 x 13.4mm 


ideally suited for applications where fast turn- 
around and pattern experimentation are important 
requirements. Its is organized as 65,536 by 8 bits. 


The 28 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C512 is offered in Plastic Dual-in-Line, Plastic 
Thin Small Outline and Plastic Leaded Chip Carrier 
packages. 


Figure 1. Logic Diagram 


M27C512 


Table 1. Signal Names 


AQ-A15 Address Inputs 
Q0 - Q7 Data Outputs 
E 


Output Enable / Program Supply VA00761 
Supply Voltage 


March 1992 1/9 


85 


M27C512 


Table 2. Absolute Maximum Ratings 


Symbol | Parameter | Value | Unit 


Ta Ambient Operating Temperature 0 to 70 
—40 to 85 °C 
—40 to 125 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification Is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


C 
C 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


M27C512 M27C512 


VA00762 


VA00763 


Warning: NC = No Connection, DU = Don’t Use 


DEVICE OPERATION 


The modes of operations of the M27C512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on AQ for 
Electronic Signature. 


Read Mode 
The M27C512 has two control functions, both of 
M27CS12 which must be logically active in order to obtain 


data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 


is equal to the delay from E to output (teLav). Data 
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DEVICE OPERATION (cont'd) 


is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-teLav. 


Standby Mode 


The M27C512 has a standby mode which reduces 
the active current from 30mA to 100A (or 200uA, 
see Read Mode DC Characteristics Table for de- 
tails). The M27C512 is placed in the standby mode 
by applying a CMOS high signal to the E input. 
When in the standby mode, the outputs are in a 
high impedance state, independent of the GVpp 
input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


Table 3. Operating Modes 


Standby 


Notes: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


[Manufacturers Code | vu | o | 0 | 


a a ee 
re a 
[sandy vee 
a 


enter | a0 | a7 | op | oo [oe | oo | co | or | co | vexba 
1 
rere et eee 


M27C512 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
Capacitors. It is recommended that a 1uF ceramic 
Capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supplyconnection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C512 are in the “i" 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a”1"is by die exposure to ultraviolet 
light (UV EPROM). The M27C512 is in the pro- 
gramming mode when Vpp input is at 12.75V and 


po fo | o [eth 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 


TEST me C= 100pF 


i 


C,; includes JIG capacitance 


VA00826 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f=1 MHz) 


symbol__[ Parameter | __Test Condition | min | Max | Unit _| 
input Capacitance | wweov || Tr 
Output Capacitance | Vorsov | Tt 


Notes. 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp. 
2 This parameter ts sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics “ 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or SV + 10%; Vep = Voc) 


[symbot | Parameter ———«(|—~—Teatoneon =n 
Ts [partastege Curent | ove vnsven | 
Two [ouputtedtayecuret | ov Vanvoo | 
a 
csr [supp Curen Senay mm | Eeww 
a 

3 

2 


Supply Current (Standby) CMOS E> Vcc —0.2V 


a 
Twa [puttow tage 
vn [puttin votage 
va [ouputtowvotage idm etm iid 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. For speeds -80, -90, -10 and Option "L” only. For other types the maximum Icc2 is 200UA. 
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Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 
M27C512 


Max | Min | Max’ 


[in | max | min | Max | Min | 
Fem [oe fmwwwone ewan] fm) [oe] [owl [ml = 
Pe [me feamaeee [ew [le] [ml fel fl = 
ow [we freee [ew | fw] [ol [ol [ole 
fen? |w fesnerree [aw [elm] e[m]e]=[e[e] = 
ron w fteerro™ [em [ol] e [a] e[=[o[e| = 


Test Condition 


Table 7B. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


as [ao [| 
ax in [ax || ax 
[iso] [200 | [eso] ve 


te j200| | 250| ns 


taLav Output Enable Low to Output Valid 


teHaz™ | tor | Chip Enable High to Output Hi-Z 


Notes. 1 Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vee 
2 This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 


DATA OUT 


VAQ0735 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


|u| Input Leakage Curent | Vs Viv Vin _ 
| too | Supply Curent | 
| tre | Program Current | E=Vn 
| Ve | InputLow Voltage 
pve 
| von 


| Min | 
lu res 
E a 

ee 
Ve re ee 
Vix | InputHighVotage | | 
Vo.___| Output Low Voltage | tx =24mA | 
Vor 
Vip 


| Vou __| Output High Voltage TTL 
| Vio __| a9 Votage nee 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. MARGIN MODE AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symbol | at | Parameter Test Condition 
| tower | taso_| VASHightoVepHigh | 
| tvewe: | es | VepHigh to ChipEnablelow | 
| taronen | tasio | VAIOHighto Chip Enable High (Set) | 
| twsousn | taste | VAIO Lowto Chip Enable High (Reset) | | 
i ee 

eres) 

eee 


Chip Enable Transition to VA10 Transition 
Chip Enable Transition to Vpp Transition 
Vpp Transition to VA9 Transition 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 10. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[Symbol | at_| ___—Parameter_—_| Test Conation | 
| ter | tas | Address Valid to Chip Enable Low | 
Input Valid to Chip Enable Low re 2 Ps | 
| tvorer | tves_| VooHHigh to Chip EnableLow | 
[wow | toes | Ver High o Chip Enable Low | 
tvewen | tear [VepRiseTime | 
|_teen | tow | Chip Enable Program Pulse width (inital) |__| 
|tevox | tox | ChipEnableHighto Input Transition | 
| tewex | toss | ChipEnableHigh to Vee Transition | 
|tvas. | twa | VeeLowtoChipEnabletow | 
ia, 
pane 
=a 


Chip Enable Low to Output Valid | 
Chip Enable High to Output Hi-Z 
teHAX Chip Enable High to Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested. 
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Figure 6. MARGIN MODE AC Waveforms 


tAQHVPH tVPXAQX 


tVPHEL tEXVPX 
tA1OHEH 


AlO Reset 


tA1OLEH 
VA00736 


Figure 7. Programming and Verify Modes AC Waveforms 


VALID 


————— PROGRAM ——____->—- VERIFY ———»> 


VA00737 
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M27C512 


Figure 8. Programming Flowchart 


C= 6.25V, Vop = 12.75V 
SET MARGIN MODE 


E=100us Pulse 


RESET MARGIN MODE 
Voc = 5V, Vpp = 5V, Check all bytes 


VAD0738 


DEVICE OPERATION (cont'd) 


E is at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Voc is specified to be 6.25V + 0.25V. 


The M27C512 can use PRESTO IIB Programming 
Algorithm that drastically reduces the programming 
time (typically less than 6 seconds). Nevertheless 
to achieve compatibility with all programming 
equipments, PRESTO Programming Algorithm can 
be used as well. 


PRESTO IIB Programming Algorithm 


PRESTO IIB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 7 seconds. 
This can be achieved with SGS-THOMSON 
M27C512 due to several design innovations de- 
scribed in the M27C512 datasheet to improve pro- 
gramming efficiency and to provide adequate 
margin for reliability. Before starting the program- 
ming the internal MARGIN MODE circuit is set in 
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order to guarantee that each cell is programmed 
with enough margin. Then a sequence of 100us 
program pulses are applied to each byte until a 
correct verify occurs. No overprogram pulses are 
applied since the verify in MARGIN MODE provides 
the necessary margin. 


Program Inhibit 


Programming of multiple M27C51 2s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including GVpp of the parallel 
M27C512 may be common. A TTL low level pulse 
applied to aM27C512’s E input, with Vpp at 12.75V, 
will program that M27C512. A high level E input 
inhibits the other M27C512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit. Data should be verified with teLav after the 
falling edge of E. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. This 
mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C512. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C512. Two identifier 
bytes may then be sequenced from the device 
outputs by toggling address line AO from Vi to Vin. 
All other address lines must be held at Vit during 
Electronic Signature mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (A0=Vin) the device identifier code. For 
the SGS-THOMSON M27C512, these two identi- 
fier bytes are given here below, and can be read-out 
on outputs Q0 to Q7. 


ERASURE OPERATION (applies for UV EPROM) 


The erasure characteristics of the M27C512 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 A range. 
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ERASURE OPERATION (cont’d) 


Research shows that constant exposure to room 
level fluorescent lighting could erase a typical 
M27C512 in about 3 years, while it would take 
approximately 1 week to cause erasure when ex- 
posed to direct sunlight. If the M27C512 is to be 
exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27C512 window to 
prevent unintentional erasure. The recommended 


ORDERING INFORMATION 


Example: M27C512 


M27C512 


erasure procedure for the M27C512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27C512 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


-80 X F 1 L 


Temperature Range 


-80 80 ns X + 5% F 
-90 90 ns blank + 10% B 
-10 100 ns C 
-12 120 ns N 
-15 150 ns 
-20 200 ns 
-25 250 ns 


PLOC32 


PTSO28 
8x 13.4mm 


FDIP28W 1 Oto 70°C E. Low Power 
PDIP28 3 -40to 125°C X Additional 
6 -40t085°C Burn-in 
TR ~~ Tape & Reel 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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LOW VOLTAGE CMOS 512K (64K x 8) OTP ROM 


» LOW VOLTAGE READ OPERATION 

— Voc Range: 3V to 5.5V (Ta=0 to 70°C) 

— Vcc Range: 3.2V to 5.5V (Ta = —40 to 85°C) 
= ACCESS TIME: 200 and 250ns 
» LOW POWER "CMOS" CONSUMPTION: 

— Active Current 10mA 

— Standby Current 10uA 


=» SMALL PACKAGES FOR SURFACE MOUNT- 
ING: 


— Plastic: PLCC32 


— Plastic: PTSO28, 
thin small outline 8 x 13.4mm 


=» PROGRAMMING VOLTAGE: 12.75V 


=» PROGRAMMING TIMES OF AROUND 6sec. 
(PRESTO IIB ALGORITHM) 


= M27V512 IS PROGRAMMABLE AS M27C512 
WITH IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V512 is a low voltage, low power 512K 
One Time Programmable ROM ideally suited for 
applications where fast turn-around and paitern 
experimentation are important requirements. Its is 
organized as 524,288 by 8 bits. 


The M27V512 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —-40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 


Table 1. Signal Names 


es Coe 
Pee Sane 


May 1992 


PLCC32 (kK) PTSO28 (N) 


8 x 13.4mm 


Figure 1. Logic Diagram 


M27V512 


VA00732 
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Figure 2A. LCC Pin Connections 


M27V5i2 


Warning: NC = No Connection, DU = Don’t Use. 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


grade 1 
grade 6 


Temperature Under Bias —50 to 125 


Figure 2B. TSOP Pin Connections 


M27V512 


0 to 70 
—40 to 85 


AQ Voltage —0.6 to 13.5 
Program Supply Voltage —0.6 to 14 


Note: Except for the rating "Operating Temperature Range” stresses above those listed in the Table “Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not tmplied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DESCRIPTION (cont'd) 


The M27V512 can also be operated as a standard 
512 EPROM (similar to M27C51 2) with a 5V power 
supply . 

For equipment requiring a surface monted, low 
profile package, theM27V512 is offered in Plastic 
Leaded Chip Carrier and Plastic Thin Small Outline 
packages. 


DEVICE OPERATION 


The modes of operations of the M27V512 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for GVpp and 12V on AQ for 
Electronic Signature. 


Read Mode 


The M27V512 has two control functions, both of 
which must be logically active in order to obtain 


data at the outputs. Chip Enable (E) is the power 
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DEVICE OPERATION (Cont'd) 


control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tcLav. 


Standby Mode 


The M27V512 has a standby mode which reduces 
the active current from 10mA to 10uA with low 
voltage operation Vcc < 3.2V (80mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V512 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the GVpp input. 


Two Line Output Control 


Because OTP ROMS are often used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


Table 3. Operating Modes 


Notes: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


M27V512 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS OTP ROMs require careful decoupling of 
the devices. The supply current, Icc, has three 
segments that are of interest to the system de- 
signer: the standby current level, the active current 
level, and transient current peaks that are pro- 
duced by the falling and rising edges of E. The 
magnitude of the transient current peaks is de- 
pendent on the capacitive and inductive loading of 
the device at the output. The associated transient 
voltage peaks can be suppressed by complying 
with the two line output control and by properly 
selected decoupling capacitors. It is recom- 
mended that a 1uF ceramic capacitor be used on 
every device between Vcc and Vss. This should be 
a high frequency capacitor of low inherent induct- 
ance and should be placed as close to the device 
as possible. In addition, a 4.7uF bulk electrolytic 
capacitor should be used between Vcc and Vss for 
every eight devices. The bulk capacitor should be 
located near the power supplyconnection 
point. The purpose of the bulk capacitor is to over- 
come the voltage drop caused by the inductive 
effects of PCB traces. 


Q0 - Q7 


Data In 


Manufacturer's Code | vu | o | 0 | 1 | o | 0 | 


[Device ode | Vw | o | o fot fot ft 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TES ee C= 100pF 


C; includes JiG capacitance 


VA00826 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Input Leakage Current OV < Vins Voc 
Output Leakage Current OV < Vout s Vcc 


Supply Current 


Supply Current (Standby) 

CCt TTL 
Supply Current (Standby) 
CMOS 


| lee | Program Current 
Output Low Voltage lol = 2.1mA 


Output High Voltage TTL loH = 400A 
Output High Voltage CMOS loo = —100LA 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vp 
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Table 7. Read Mode AC Characteristics ™ 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vep = Vcc) 
(Ta =—40 to 85 °C; Voc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


M27V512 
[xv | ex [ospa rat ton Cup aa 
chpEmbe ehwoupuiez | —S-mu —[ o [eo [> [wo | me 
joe | [esparamge® Jeewseme [|e || 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested. 


Test Condition 


Figure 5. Read Mode AC Waveforms 


AO—A15 VALID 


tAVQV 


DATA QUT 


ones 


VA00735 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| leo | Supply Curent | 
| tee | Program Curent | Eee | | 80m 


input Low Voltage fe ed 
Vin___| Input High Vottage es ee ee 


0.4 
Output High Voltage TTL 


Vip AQ Voltage 


Table 9. MARGIN MODE AC Characteristics 
(Ta = 25 °C; Vcc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


syne [at [Parameter ‘| Test Gonaivon | Coit 
Twos | tae [VASO Vertigh 
ee 
"wnnsr | uso | VAIO High to Chip Enabl High (Sa) 
wg | tse | Vat0 Lowa Onip Enabie High Rese) [tas 
Ttewor | ton | Chip Enable Tansiion VAIO Transton | it) das 
ton | won | Chip Enabie TanstonteVerTrarston [| 2 || as 
imax | tw [ VerTretiontovae Tension | Sie Pd 


Table 10. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| symbol | at | Parameter | Test Condition |_min | Max _| Units 
| taver__| _tas_| Address Valid toChpEnabletow | || 


in | Max 
ae 
Le 
[oe 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested. 
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Figure 6. MARGIN MODE AC Waveforms 
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Figure 7. Programming and Verify Modes AC Waveforms 
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Figure 8. Programming Flowchart 
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Programming 


The M27V512 has been designed to be fully com- 
patible with the M27C512. As aresult the M27V512 
can be programmed as the M27C512 on the same 
programmers applying 12.75V on Vpp and 6.25V 
on Vcc. The M27V512 has the same electronic 
signature and uses the same PRESTO IIB algo- 
rithm. 


When delivered, all bits of the M27V512 are in the 
“{" state. Data is introduced by selectively pro- 
gramming ”Os" into the desired bit locations. Al- 
though only “Os” will be programmed, both “1s” and 
“Os” can be present in the data word. The M27V512 
is in the programming mode when Vpp input is at 
12.75V and E is at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vcc is specified to be 
6.25V + 0.25V. 


The M27V512 uses the PRESTO IIB Program- 
ming Algorithm that drastically reduces the pro- 
gramming time (typically less than 6 seconds). 
Nevertheless to achieve compatibility with all pro- 
gramming equipments, PRESTO Programming Al- 
gorithm can be used as well. 


PRESTO IIB Programming Algorithm 


PRESTO IIB Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in around 6 seconds. This can be achieved 
with SGS-THOMSON M27V512 due to several 
design innovations to improve programming effi- 
ciency and to provide adequate margin for reliabil- 
ity. Before starting the programming the internal 
MARGIN MODE circuit is set in order to guarantee 
that each cell is programmed with enough margin. 
Then a sequence of 100us program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin. 


Program Inhibit 


Programming of multiple M27V51 2s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including GVpp of the parallel 
M27V512 may be common. A TTL low level pulse 
applied to a M27V512’s E input, with Vpp at 12.75V, 
will program that M27V512. A high level E input 
inhibits the other M27V512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with G at 
Vit. Data should be verified with teLav after the 
falling edge of E. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V512. To activate this mode, the 
programming equipment must apply a Supply Volt- 
age Vcc of 5V and force 11.5V to 12.5V on address 
line AQ of the M27V512. 


Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
Vit to Vin. All other address lines must be held at 
Vi. during Electronic Signature mode. Byte 0 
(AO=ViL) represents the manufacturer code and 
byte 1 (AO=Vin) the device identifier code. For the 
SGS-THOMSON M27V512, these two identifier 
bytes are given here below, and can be read-out 
on outputs QO to Q7. 


Note that the M27V512 and the M27C512 have the 
same identifier bytes. 
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ORDERING INFORMATION 


Example: M27V512 -200 K 1 


Temperature Range 


-200 200 ns K PLCC32 1 Oto70°C 
-250 250 ns N PTSO28 6 -—40to 85°C 
8x 13.4mm 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 512K (32K x 16) UV EPROM and OTP ROM 


=» FAST ACCESS TIME: 120ns 


=» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


# LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 200uA 

=» PROGRAMMING VOLTAGE: 12.75V 


=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


= PROGRAMMING TIMES OF AROUND 38sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C516 is a high speed 512K bit UV eras- 
able and electrically programmable EPROM ideally 
suited for applications where fast turn-around and 
pattern experimentation are important require- 
ments. Its is organized as 32K by 16 bits. 


The 40 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C516 is offered in a Plastic Leaded Chip Car- 
rier package. 


Table 1. Signal Names 


B| Pogamenebs 
ie 
Vs 


Supply Voltage 
Program Supply 
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FDIP40W (F) PLCC44 (C) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


0) XS) 
M27C516 
M27C516 


VA009335 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


AQ Voltage ~—0.6 to 13.5 
Program Supply Voltage —0.6 to 14 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION Read Mode 


The modes of operations of the M27C516 are listed The M27C516 has two control functions, both of 
in the Operating Modes table. A single 5V power which must be logically active in order to obtain 
Supply is required in the read mode. Allinputs are data at the outputs. Chip Enable (E) is the power 


TTL levels except for G and 12V on Ag for Elec- control and should be used for device selection. 
tronic Signature. Output Enable (G) is the output control and should 
2/8 : 
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DEVICE OPERATION (cont'd) 


be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C516 has a standby mode which reduces 
the active current from 30mA to 200uA. The 
M27C516 is placed in the standby mode by apply- 
ing a CMOS high signal to the E input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 


Table 3. Operating Modes 


Notes: X = Vin or Vit, Vio = 12V + 0.5V 


Table 4. Electronic Signature 
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a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMSs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device atthe 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
capacitors. It is recommended that a 1u.F ceramic 
Capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supplyconnection point.The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST: C; =100pF 
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C,; includes JIG capacitance 
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Symbol 
Input Capacitance 
Output Capacitance 


Notes. 1. Vcc must be applied simultaneously with or before Ver and removed simultaneously with or after Vep. 
2. This parameter is sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics 
(Ta =0 to 70 °C; Voc = 5V + 5%; Vpp = Voc) 


Test Condition 
Supply Current (Standby) TTL E=Vin 
Supply Current (Standby) CMOS E> Vcc —0.2V 


Output High Voltage TTL 
Output High Voltage CMOS 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Output Low Voltage 
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Table 7. Read Mode AC Characteristics ‘) 
(Ta = 0 to 70 °C; Voc = 5V + 5%; Vpp = Voc) 


M27C516 
Symbol Parameter Test Condition } a2 | as | 20 | 


wor [es [aatiss aio GopaivasExvuS=ve| [vaof [aso] [ato] 
a 
Por | te lowseimetveowmewer| evs | ts | oo [fof 
Tone" | wr [etinenebeo rion wowuniz | Gem [olo) of o [el m 
one | tr [Out era Hore cupatiez | E-vu [o [wos] olo| m= 


sigers mame ewaemlo] fol [of |e 


Notes. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 
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Programming light (UV EPROM). The M27C516 is in -the pro- 
When delivered (and after each erasure for UV: gramming mode when Vpp input is at 12.75V and 
EPROM), all bits of the M27C516 are in the “1" E and P are at TTL-low. The data to be programmed 
state. Data is introduced by selectively program- _‘S applied 16 bits in parallel to the data output pins. 
ming ”0s" into the desired bit locations. Although — ‘he levels required for the address and data inputs 
only “Os” will be programmed, both “1s” and “Os” are TTL. Vcc is specified to be 6.25V +0.25V. 

can be present in the data word. The only way to 

change a “O" to a”1" is by die exposure to ultraviolet 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vep = 12.75V + 0.25V) 


Symbol Test Condition | min | Max | Unit 
Input Leakage Current | VusVms¥m | || A 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Vcc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symbat [at [Parameter | Test Condon [win [Mow [nt 
ton | 19 [Aes eiermrete |__| 2 |_| = — 
Tem | tos | met vaio Peoamiow [ids 
re) a Oa 


t t Chip Enable Low to 
gia eee Program Low 


ee 
——. 
Tn | tw | Progam pusewan ip 
Pe Pm [seer 
Pom [ow [agernoes[ 
—— 
—— 
eed 


H 
t Output Enable Low to 
ara E | Output Valid 
(2) Output Enable High to 
Output Hi-Z 
t t Output Enable High to 
one AH | Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows to pro- 
gram the whole array with a guaranteed margin, in 

= 2 around 3 seconds. Programming with PRESTO Il 
Ney ger “uae oe involves the application of a sequence of 100us 
program pulses to each byte until a correct verify 
occurs. During programming and verify operation, 
a MARGIN MODE circuit is automatically activated 
in order to guarantee that each cell is programmed 
with enough margin. No overprogram pulse is 


= applied since the verify in MARGIN MODE provides 
necessary margin to each programmed cell. 
Program Inhibit 


Programming of multiple M27C516s in parallel with 
different data is also easily accomplished. Except 
+4+Addr for E, all like inputs including G of the parallel 
M27C516 may be common. A TTL low level pulse 
applied to a M27C516’s E input, with P low and Vpp 
at 12.75V, will program that M27C516. A high level 
E input inhibits the other M27C516s from being 
programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 


Vec = ON, Vpp = 5V 


Check all Words programmed. The verify is accomplished with E 
VA00707 and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C516. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C516. 


Two identifier bytes may then be sequenced from 
the device outputs by toggling address line AO from 
Vit to Vin. All other address lines must be held at 
Vit during Electronic Signature mode. Byte 0 
(AO=ViL) represents the manufacturer code and 
byte 1 (AO=Vin) the device identifier code. For the 
SGS-THOMSON M27C516, these two identifier 
bytes are given here below, and can be read-out 
on outputs Q0 to Q7. 


ORDERING INFORMATION 


M27C516 


Example: 


Vcc Tolerance 


-12 120 ns X + 5% F 
-15 150 ns C 
-20 200 ns 


12 X F 


FDIP40W 1 
PLCC44 


ERASURE OPERATION (applies for UV 
EPROM) 


The erasure characteristics of the M27C516 is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that 
sunlight and some type of fluorescent lamps have 
wavelengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C516 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C516 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C516 window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C516 is exposure to short wave ultraviolet light 
which has wavelength 2537 A. The integrated dose 
(i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm*. The era- 
sure time with this dosage Is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
W/cm? power rating. The M27C516 should be 
placed within 2.5 cm (1 inch) of the lamp tubes 
during the erasure. Some lamps have a filter on 
their tubes which should be removed before era- 
sure. 


1 L 


Temperature Range 


Oto 70°C L 


Low Power 


Additional 
Burn-in 


TR Tape & Reel 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 80ns 


= COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


=» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 
= PROGRAMMING VOLTAGE: 12.75V 
=» ELECTRONIC SIGNATURE FOR AUTOMATED 


PROGRAMMING FDIP32W  (F) PDIP32 (B) 
= PROGRAMMING TIMES OF AROUND 
12sec.(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C1000 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
package has transparent lid which allows the user 
to expose the chip to ultraviolet light to erase the 
bit pattern. Anew pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C1000 is offered in Plastic Dual-in-Line pack- 
age. 


Figure 1. Logic Diagram 


Table 1. Signal Names 
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Program Supply 
Supply Voltage 
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Table 2. Absolute Maximum Ratings 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 
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Warning: NC = No Connection. 


DEVICE OPERATION 


The modes of operation of the M27C1000 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27C1000 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs.Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (te_aqv). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 


tavav-tGLav. 
Standby Mode 


The M27C1000 has a standby mode which re- 
duces the active current from 30mA to 100nA (or 
35mA to 200uA, see Read Mode DC Characteris- 
tics Table for details). The M27C1000 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
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DEVICE OPERATION (cont'd) 


device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 


Table 3. Operating Modes 


Notes: X = Vin or Vit, Vip = 12V + 0.5V. 


Table 4. Electronic Signature 


[Device Code | Vin _| 


| Mode | | GT tee | to 
pRead | ee xX eeat ut_| 
| Output Disable |e | me XTX | 
oe ee ee ee 


tt 


Program Inhibit ON eS 2 
Standby RR ce eS > 
Electronic Signature | Vw | ue | | 


|__tdenuter | ao | ar | ae | a6 | ox | as | 2 | 
[Manufacturerscode | vu | o | o | 1 | o | 0 
Pee ea eae 


overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1000 are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Qs” 
can be present in the data word. The only way to 
change a “O" toa’”1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C1000 is in the 
programming mode when Vpp input is at 12.75V, 
and E and P are at TIL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6.25V + 
0.25V. 


PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO Il involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify op- 
eration, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 


< |< |X 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


I 


C, includes JIG capacitance 


VA00826 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Symbol Test Condition | Min 
input Capacitance po weovy 
Output Capacitance pes 


Note: This parameter is sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


[oymbci | Parameter «| Test Conan tan 
Ts [rputteskage core | vs vnsven 
Tie [Ouputtesage Gerd | ev sVonsves | 
4 
aa 
— 


lu 

lLo 

Ic c@! 

| te | Program current | Vee Veo 
| vu _|inputtowvorage | | | 
a a eae 

| Vo. | Outputtow voltage | du tma | 
eg 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 For Speeds -80, -10 only. For other types the maximum Icc is 35mA. 
3. For Speeds -80, -10 only. For other types the maximum Icce is 200UA. 
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Table 7A. Read Mode AC Characteristics “ 


(Ta = 0 to 70 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 
emt | a] ee — 

[Min [Max Min [Wax | Min | Max 
| twav | tro [Address Valid to Output Vaid [E=VuG=Vnl [80] [too] | 120] ns _| 
| tev | toe [Chip Enable Lowto Output Valid | G=vu | | eo| _|100| | 120|_ ns _ 
| taov | toe [Outputenable Low to OutputVaid| E=vi | [40] | 50 |_| 60] ns _| 
G 


M27C1000 


Test Condition 


eau fo felon} o [ol 
ise [ir [our enabe igh cupaiez| es. | 0 fal o [aol o [ao [ms 
ot fe} fel jm 


‘eet E-VuGeVk 


Table 7B. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27C1000 
el L ioe a ccaeTac ieTee 7 


G=vun | | 150| 200] | 250] ns | 
ead 

tenoz © 

Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[ Paraneter | Testonation [wn 
[ts [eputtcahage Coren vesvesvw [ 
ee Sporn 
[ie | Pewamcured =f Eevee 
oe = 
ae 2 
=aink | 
oni [2 


[vo [asvewe 


Note: 1 Vcc must be applied simultaneously with or before Ver and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


| ar | Parameter____|__Test Condition 
Address Valid to Program Low 
Input Valid to Program Low 


Voc High to Program Low 


t t Chip Enable Low to 
eet ad Program Low 


Program Pulse Width ae 

Program High to Input 
Input Transition to Output 

toxet foes | Enable Low 

t t Output Enable Low to 

ia CE | Output Valid 

t ' Output Enable High to 

ae an Address Transition 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. This parameter ts sampled only and not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 


Savenal 


| 
DATA IN DATA OUT 
tQVPL =e t= tPHQX 


' 


7 tGLOV— 
| tVPHPL ‘SI 


VCC 
> tVCHPL 


E 


PROGRAM = ee ERIPY ee 


VAO00714 


Figure 7. Programming Flowchart Program Inhibit 


Programming of multiple M27C1000s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C1000 may be common. A TTL low 
level pulse applied to a M27C1000 E input, with P 
low and Vpp at 12.75V, will program that 
M27C1000. A high level E input inhibits the other 
M27C1000 from being programmed. 


Program Verify 


A verify (read) should be performed on the pro- 
| grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vpp at 12.75V and Vcc at 
6.25V. 


Electronic Signature 


++Addr 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
Voc = 5. Vop = SV This mode is functional in the 25°C + 5°C ambient 
Cee nil ia ytes temperature range that is required when program- 

y ming the M27C1000. To activate this mode, the 

programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C1000, with 


VA00715 
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DEVICE OPERATION (cont'd) 


Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=V\H) the device identifier code. For 
the SGS-THOMSON M27C1000, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs @0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C1000 is 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research 


ORDERING INFORMATION 


Example: 


Sp 
-80 80 ns X + 5% F 
-10 100 ns blank + 10% B 
-12 120 ns 
15 150 ns 
20 200 ns 
25 250 ns 


M27C1000 -80 X F 


FDIP32W 1 
PDIP32 


shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C1000 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1000 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C1000 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C1000 is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm* power rating. The M27C1000 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1 


Temperature Range 


016.:70°C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27C1001 


CMOS 1 Megabit (128K x 8) UV EPROM and OTP ROM 


w VERY FAST ACCESS TIME: 80ns 


# COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


LOW POWER "CMOS" CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 

= PROGRAMMING VOLTAGE: 12.75V 


=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


# PROGRAMMING TIMES OF AROUND 12sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C1001 is a high speed 1 Megabit UV 
erasable and electrically programmable memory 
EPROM ideally suited for microprocessor systems 
requiring large programs. It is organized as 
131,072 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans- 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C1001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 


Table 1. Signal Names 


a 
ve 
ee 
-—_ 


Program Supply 
Supply Voltage 


February 1992 


FDIP32W_ (F) 


LCCC32W (L) 


PDIP32 (B) PLCC32 (C) 


Figure 1. Logic Diagram 


M27C1001 


VA00710 
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Figure 2A. DIP Pin Connections 


2 
M27C1001 


] 
2 
3 
4 
5 
6 
5 
8 
g 
10 
17 
12 


Ook W 


VA0GC711 


Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


Tsias Temperature Under Bias 


Ta Ambient Operating Temperature: grade 1 0 to 70 
grade 3 —40 to 125 °C 
grade 6 —40 to 85 


se 
Tio | tor Out Voges ——SSCSCSC~“~*~“‘~*~‘dtCSC 
[Vee | Supp Votage Sid te 
[Ve | asvotage—SSSSCS~C~idtC tgs 
a 


Figure 2B. LCC Pin Connections 
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VA00712 


—50 to 125 


°C 

C 
V 
V 
V 
V 


Note: Except for the rating “Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification ts not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The modes of operation of the M27C 1001 are listed 
in the Operating Modes table. A single 5V power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A@ for Elec- 
tronic Signature. 


Read Mode 


The M27C1001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 


‘dent of device selection. Assuming that the ad- 


dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (te_qv). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C1001 has a standby mode which re- 
duces the active current from 30mA to 100A (or 
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DEVICE OPERATION (cont'd) 


35mA to 200uUA, see Read Mode DC Cnaracteris- 
tics Table for details). The M27C1001 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


Two Line Output Conirol 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


Eor the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Notes: X = Vinor Vi, Vin = 12V +0 5V 


Table 4. Electronic Signature 


M27C1001 


the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1001 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" toa "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C1001 is in the 
programming mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6.25V + 
0.25V. 


Vpp Data Out 


Vec 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 
Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mmc) = 100pF 


a 


VA00826 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Test Condition 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = SV + 5% or 5V + 10%; Vepp = Voc) 


Ts [eptedo caret | OVS Ws Von 
Two [ouputtedage Cones’ | sVunsVoe 


Output Low Voltage lo. = 2.1mMA i oe 0.4 
V Output High Voltage TTL lon = —400nA 
Output High Voltage CMOS lon = —100nA 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 For Speeds -80, -10 and Option "L" at 0 to 70 °C only For other types the maximum Icc is 35mA 
3. For Speeds -80, -10 and Option "L" at 0 to 70 °C only. For other types the maximum Icc2 is 200A. 


ik 

7 

[va [puttigh votage 
OH 
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Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M27C1001 
Symbol Parameter 


42 Unit 
Max | Min | Max_| min | Max| 

| twav | taco [Address Valid to Output Vaid [E=ViG=Vul | eo} [100] [120] ns_ 

| tov | tee [Chip Enable Lowto Output Valid [| G=vn | | 80| | 100| | 120| ns _| 

| terov | toe [Output Enable Low to Output Vaid | E=vi | | 40] [0 | | 60 | ns 

vu | 0 | 30] 0 [30] 0 | 40] as | 


Address Transition to Ew. Be 
ware] [ol [of [ow 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V + 5% or 5V + 10%; Vep = Voc) 


|| in 


| twov__| taco [Address Valid to Output Vaid |E=VusG=Vve| [150] [200] [250] ns | 
| taov | _tce |ChiptnableLowtoOutputValid | G=vu | _|150| [200] | 250] ns_| 
| terav | toe [Output Enable Lowto Output Valid| = E=vi | [6s | | 70 | | 100] ns_| 
G= Vi 

- 


Test Condition 


| 
H 


(2) 
Output Enable High to Output Hi-Z E= 


Address Transition to EK GK 
Sue an Suen eee ete} fel fa 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 


! VALID . 


tAVQV 


DATA OUT 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Output Low Voltage 
Output High Voltage TTL 
AQ Voltage 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol Test Condition 


: 


tELPL tcEs 


. 


tPHaX 
taxGL toes 


Vcc High to Program Low 


Chip Enable Low to 
Program Low 

t Program High to Input 
Transition 


DH 


P 
t t Output Enable Low to 
me 7 Output Valid 
(2) Output Enable High to 
tb Output Hi-Z 
t t Output Enable High to 
anne AH | Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested 


Input Transition to Output 
Enable Low 


W 
F 


S 
E 
p 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVPL 


DATA IN DATA ee 


tQVPL 


ae Sa 
tVPHPL tGHOZ 


<— PROGRAM ————pa_ VERIFY. ——» 


VAQ0714 


Figure 7. Programming Flowchart PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO Il involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
_ gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 
Program Inhibit 


Programming of multiple M27C1001s in parallel 
with different data is also easily accomplished. 

Except for E, all like inputs including G of the 
parallel M27C1001 may be common._ A TTL low 
level pulse applied to a M27C1001’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C1001. Ahigh level E input inhibits the other 
M27C1001s from being programmed. 


Program Verify 


Voc = 9V. Vpp = SV A verify (read) should be performed on the pro- 

Check all Bytes grammed bits to determine that they were correctly 

VAQ0715 programmed. The verify is accomplished with E 

and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 
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Voc = 6.25V, Vpp = WZOV 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C1001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C1001, with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. 


Byte 0 (A0=ViL) represents the manufacturer code 
and byte 1 (AO=ViH) the device identifier code. For 
the SGS-THOMSON M27C1001, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C1001 is 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


M27C1001 


Example: 


Vcc Tolerance 


-80 X F 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C1001 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1001 is to be exposed to these 
types of lighting conditions for extended periods of 
time, it is suggested that opaque labels be put over 
the M27C1001 window to prevent unintentional 
erasure. The recommended erasure procedure for 
the M27C1001 is exposure to short wave ultraviolet 
light which has a wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity xX exposure time) for 
erasure should be a minimum of 15 W-sec/cm®. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm* power rating. The M27C1001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


ToL 


Temperature Range 


80 ns X + 5% F FDIP32W 1 Oto 70°C Low Power 
-10 100 ns blank + 10% B PDIP32 3 -—40to 125°C X Additional 
42 120ns C PLCC32 6 -40 to 85°C cae 
45 150ns L  Lecce32w Tape & Reel 
-20 200 ns 
-25 250 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 1Megabit (64K x16) UV EPROM and OTP ROM 


# FAST ACCESS TIME: 120 ns 


=» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


s LOW POWER "CMOS" CONSUMPTION: 
— Active Current 35 mA 
— Standby Current 100 pA f ) we 
= PROGRAMMING VOLTAGE: 12.75V TAN LEED Se 
=» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


=» PROGRAMMING TIME OF AROUND 6 sec. 
(PRESTO Il ALGORITHM) 


— 


FDIP40W (F) PLCC44 (C) 


Figure 1. Logic Diagram 


DESCRIPTION 


The M27C1024 is a 1 Megabit UV erasable and 
electrically programmable read only memory 
(EPROM). It is organized as 65,536 words by 16 
bits. 


The 40 pin Ceramic Frit Seal Window package has 
a transparent lid whide allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written to the device by 
following the programming procedure. 


For application where the content is programmed 
only one time and erasure is not required, the 
M27C1024 is offered in a Plastic Leaded Chip 
Carrier package. UW M27C1024 


Table 1. Signal Names 


a ce! 
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VA00702 


Supply Voltage 
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Figure 2A. DIP Pin Connections 
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VA00703 


Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature: 


Parameter Value 


oni 
[Tae [Tenpoatreuwersss ——OC~=“‘*‘*~dS*C<C we 
[tera | SerageTonperue este 
[Wo [router Oupetvotages ——SSCSCSC~*~sdC 
[vec [SinpyVetuge—SCSC*~‘“~*~*sSC sw 
[ve [As otage—SSSCS~*dC ss 
[ve [Progam sips votage —OSCSC~=“~*~‘~*~*~dSC( te 


Figure 2B. LCC Pin Connections 


M27C1024 


VA00704. 


Warning: NC = No Connection. 


grade 1 
grade 6 


0 to 70 
—40 to 85 


°C 
°C 
°C 
V 
V 
V 
V 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
Indicated tn the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The modes of operations of the M27C1024 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on 
AQ for Electronic Signature. 


Read Mode 


The M27C1024 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of toe from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-iGLav. 


Standby Mode 


The M27C1024 has a standby mode which re- 
duces the active current from 35 mA to 100 A. 


2/8 “ 
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DEVICE OPERATION (cont'd) 


The M27C1024 is placed in the standby mode by 
applying a TTL high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Program 


Verify 


[woe =i es] Se dT | 
a 
foupabease | ve | ww [x | x | ve | We 
a ae ee oe 
a 


M27C1024 


the falling and rising edges of E. The magnitude of 
transient current peaks is dependent on the capa- 
citive and inductive loading of the device at the 
output. The associated transient voltage peaks 
can be suppressed by complying with the two line 
output control and by properly selected decoupling 
Capacitors. It is recommended that a 1uF ceramic 
capacitor be used on every device between Vcc 
and Vss. This should be a high frequency capacitor 
of low inherent inductance and should be placed 
as close to the device as possible. In addition, a 
4.7uF bulk electrolytic capacitor should be used 
between Vcc and Vss for every eight devices. The 
bulk capacitor should be located near the power 
supply connection point. The purpose of the bulk 
capacitor is to overcome the voltage drop caused 
by the inductive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C1024 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "0s" 
can be present in the data word. The only way to 
change a"0" to a"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27C1024 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E and P are at TTL-low. The data to be pro- 
grammed is applied, 16 bits in parallel, to the data 
output pins. The levels required for the address 
and data inputs are TTL. Vcc is specified to be 
6.25V + 0.25V. 


Q0-Q15 


Notes: X = Vin or Vit, Vio = 12V +0 5V 


Table 4. Electronic Signature 


[wn [no [ar [os [os [on [os [oe [or [oo [isan 
San Tar et ets eT 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 


TEST C, =100pF 


I 


VA00826 C; includes JlG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Symbol Test Condition | Max | Unit 
Input Capacitance fe zal 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Figure 5. Read Mode AC Waveforms 


(ar) 


DATA QUT 


VA90705 
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Table 6. Read Mode DC Characteristics ™ 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5%; Vpp = Voc) 


Input Low Voltage es 
Input High Voltage ea 
Output Low Voltage lol = 2.1mMA 


| symbol | Parameter |__—TestCondition ——|_Min | Max 

| tu | inputLeakage Curent | ov VwsVec | || 
| ho | OutputLeakage Current | oVsVoursvoo | | tt |_| 
Supply Current E= Vu, G = Vir, f = 5MHz aS oe eee 
Supply Current (Standby) TTL | E=Vn || toma 
Supply Current (Standby) CMOS | ___-E>Voo-o.2v_ | | t00 | 


Output High Voltage CMOS lon = —100uA Voc — 0.7V 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp 


arr 


Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5%; Vepp = Voc) 


_ a ae 
t 


Test Condition 


ae 
| Max | 


ain [tax [in 
ixoy | tee [Chip Enable ow to Output vais | G=va | | 120 || 150 | ns 
texoy | toe [Output Enable Low to Output Vaid] E=ve [| 60 | 
teiaz® | tor [Chip Enable righ to Ouiput 2 [Gea [0 | ao | 0 
Mesce™ | tor [Output Enable High to OuputZ | E=va | 0 [ a0 


Address Transition to = m~ 
serimaire femal | 


Table 7B. Read Mode AC Characteristics 


(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% Vep = Voc) 


|Min | Max | Min | Max 


“wor | tues [adsiess vaio oupavata [E=vaG=vel | 200 | | 250 | ns 
tov | toe [Chip Enable vw io Ouput aid | eva [| 200 | | 280 | ns | 
Txov | toe [output Enabie Low to Ouputvara] —E=ve | | 70 | | 100 | ns 
Tenor | tor [chip Enable High to Ouputttz | G-ve [0 | eo | 0 | 0 | ns 
Teuar™ | tor [Output Enabie High to Ouputriz[ E-ve [0 | ao [0 | oo | os | 

pot fo} fa 


Sitio” [EMS = Me 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vep 
2. This parameter is sampled only and not 100% tested. 


oP fe 
ot fe 


Test Condition 
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Table 8. Programming Mode DC Characteristics “) 
(TA = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


a 
i | Powancuret «|i 
a 
[vn | rut igh Voge 

ven | ouputtow etage «ween Pid 
[vow [ ouputrgh verge | tove—t00nn | aa | 
a 


Note: 1 Vcc must be applied simultaneously with or before Vpp and removed simultaneously with or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol 


| 
be eee! 
Vpp High to Program Low a 


Input Transition to Output Enable 
taxa t en 


Output Enable Low to Output Valid 
Output Enable High to Output Hi-Z 


t ' Output Enable High to Address 
CHE Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously with or after Vee 
2. This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 


| | 
AQ-A15 VALID 


tAVPL 


QO-Q15 DATA IN —— out ¥ 


tQVPL tPHQX 


V56 seine! 
= tVPHPL tGHQZ 
= tVCHPL tGHAX a8 


tPLPH 


'¢———— PROGRAM v4 VERIFY. ——» 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO Il Programming Algorithm allows pro- 
gramming of the whole array with a guaranteed 
margin, in a typical time of less than 6 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 100 us program pulses to each word 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 

= overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 


Program Inhibit 


Programming of multiple M27C1024s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C1024 may be common._ A TTL low 
level pulse applied to a M27C1024’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C1024. Ahigh level E input inhibits the other 
M27C1024s from being programmed. 


Program Verify 


Voc = 5V, Vpp = 5V 
Check all Words 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vpp at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C1024. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C1024 with Vpp = 
Vcc = 5V. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vi to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO=ViL) represents the manufac- 
turer code and byte 1 (AO=Vin) the device identifier 
code. For the SGS-THOMSON M27C1024, these 
two iden-tifier bytes are given here below, and can 
be read-out on outputs Q0 to Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C1024 is 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


Example: 


M2701024 -12 X F 


F 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sun- 
light and some type of fluorescent lamps have 
wavelengths in the 3000-4000 Arange. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C 1024 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C1024 is to be exposed to 
these types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M27C1024 window to prevent uninten- 
tional erasure. The recommended erasure proce- 
dure for the M27C1024 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm?. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 npW/cm* power rating. The M27C1024 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


a: 


Temperature Range| | Option 


-12 120 ns X + 5% FDIP40W 1 Oto 70°C L Low Power 
-15 150 ns blank + 10% C PLCC44 6  —40 to 85°C X Additional 
-20 200 ns sail 

05 950 ns TR Tape & Reel 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ky 36S THOMSON M27V101 


LOW VOLTAGE CMOS 
1 Megabit (128K x 8) UV EPROM and OTP ROM 


ADVANCE DATA 


=» LOW VOLTAGE READ OPERATION 

— Vcc Range: 3V to 5.5V (Ta=0 to 70°C) 

— Vcc Range: 3.2V to 5.5V (Ta = —40 to 85°C) 
= ACCESS TIME: 200 and 250ns 
» LOW POWER "CMOS" CONSUMPTION: 

— Active Current 15mA 

— Standby Current 20uA 


a SMALL PACKAGES FOR SURFACE MOUNT- 
ING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) PLOC32 (K) LOCG32W (L) 
height 
— Plastic: PLCC32 
» PROGRAMMING VOLTAGE: 12.75V 


= PROGRAMMING TIMES OF AROUND 12sec. 
(PRESTO II ALGORITHM) 


» M27V101 IS PROGRAMMABLE AS M27C1001 Figure 1. Logic Diagram 
WITH IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V101 is a low voltage, low power 1 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 131,072 by 8 bits. 


The M27V101 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 


M27V101 
Table 1. Signal Names 


AO -Ai6 Address Inputs 
Q0 - Q7 Data Outputs 


G Output Enable 


G 
so 


May 1992 1/8 


This ts advance information on a new product now In development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature: grade 1 


grade 6 


Note: Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27V101 is offered in Plastic Leaded Chip Carrier 
package. 


Figure 2. LCC Pin Connections 


DEVICE OPERATION 


The modes of operation of the M27V101 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27V101 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
Mepeee dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-icLav. 


Standby Mode 


The M27V101 has a standby mode which reduces 
the active current from 15mA to 20uA with low 


M27V101 


Warning: NC = No Connection 


DESCRIPTION (cont'd) 


The M27V101 can also be operated as a standard 
1 Megabit EPROM (similar to M27C1001) with a 


5V power supply . 


The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 


2/8 Ky SGS-THO 


voltage operation Vcc < 3.2V (830mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V101 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


MSON 
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DEVICE OPERATION (cont'd) 


Two Line Output Control 


Because EPROMSs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 


Table 3. Operating Modes 


| Mode | CE 


Standby 
Electronic Signature 


Notes. X = Vin or Vit, Vin = 12V + 0.5V 


Program Inhibit 


Table 4. Electronic Signature 
Manufacturer’s Code SV 


M27V101 


and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device atthe 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


The M27V101 has been designed to be fully com- 
patible with the M27C1001. As a result the 
M27V101 can be programmed as the M27C1001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V101 has the same 
electronic signature and uses the same PRESTO 
Il algorithm . 


px | ver | atin 
px | Vee | Data Out 


ViL 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


T 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 


TEST: C, =100pF 


C; includes JiG capacitance 
VA00828 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 3V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Test Condition 
Input Leakage Current OV < Vin S$ Voc 
Output Leakage Current OV < Vout s Vcc 


“an 
fe 
a 
— 
— 
ae 
ot 
= 
2 
et 
a 


Tw [mpettowvetags 
Var [pat rghvotags i 
Ta [ouputtow votage [eink 


Output High Voltage CMOS lon = —100nA 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 7. Read Mode AC Characteristics “) 


(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


tEHaz 


Address Transition to 


Output Transition 


taxax 


Test Condition 


™“ ap ee 


Pin [tox 

wor | er [actress va ooupavas —[E=vaSevel | 200 | [aso | we 
P See || 20 || 50 oe 

eee ff too | 0 rs 

[tr [on enaieighiooupuriz | Gove | 0 | wo | 0 | | re 

Pie [wr [ouput enate ighioouputriz| E-ve [0 | oo [0 | o | we 


Chip Enable Low to Output Valid 
Output Enable Low to Output Valid 


M27V101 


M|| mi] @ 
Il Il 


m| 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


2. This parameter ts sampled only and not 100% tested 


Figure 5. Read Mode AC Waveforms 


tAVQV 


— tGLQV 


tAXQX eae 


DATA QUT 


DEVICE OPERATION (cont'd) 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V101 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "is" and "Os" 
can be present in the data word. The only way to 


VA00713 


change a"0" to a"1" is by die exposure to ultraviolet 
light (UV EPROM). The M27V101 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E andP are at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 


OMSON 9/8 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vep = 12.75V + 0.25V) 


[Parameter | Testonation [win 

[ts [ rpattastage Covent | WusVasvn [| sto | a 
es [Suppor 

vn Patton vote iP iC 
a | 
[va [ouputtow tage | tawzima [+t oe fv 
a 


Seon | Ie ee 
ae Velie ee ee eee 


Note: 1. Vcc must be applied simultaneously with or before Ver and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics “ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


symbol | at | __Parameter__—__|_Test Congition 
Address Valid to Program Low 


Chip Enable Low to 
TELPL 'cES | Program Low C 
Program Pulse Width 95 105 Ss 


Unit 

ps 

| es 

Pom azn Ts 
— 


Sastre | 
t t Output Enable Low to 
cee a Output Valid 

oa 
t t Output Enable High to 
sees AH | Address Transition 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVPL 


DATA IN sy OUT 


tQVPL: tPHQX 


tGLQV ae 
I tVPHPL tGHOQZ 


a tVCHPL tGHAX 


p= 


t[PLPA 


1 

i} 

' 
1 
t 

i} 

! 
i) ' 


'<— PROGRAM >a. VERIFY. ——» 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 12 seconds. Programming with 
PRESTO II involves in applying a sequence of 
100s program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
— gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 
Program Inhibit 


Programming of multiple M27V101s in parallel with 
Pree different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V101 may be common. A TTL low level pulse 
applied to aM27V101’s E input, with P low and Vpp 
at 12.75V, will program that M27V101. Ahigh level 
E input inhibits the other M27V101s from being 


Voc = 6.295V, Vpp = WZ.5V 


programmed. 
Program Verify 
Veo = oY, Vep = OV A verify (read) should be performed on the pro- 
Check all Bytes grammed bits to determine that they were correctly 
VA0O715 programmed. The verify is accomplished with E 


and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V101. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27V101, with Vpp = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=Vin) the device identifier code. For 
the SGS-THOMSON M27V101, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. Note that the M27V101 
and M27C1001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V101 is such 
that erasure begins when the cells are exposed to 


ORDERING INFORMATION 
M27V101 


Example: 


-200 200 ns K 
-250 250 ns L 


PLCC32 
LOCC32W 


Temperature Range 


light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V101 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V101 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V101 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V101 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27V101 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 


-200 K 6 TR 


1 Oto70°C TR 
6 -—40to 85°C 


Tape & Reel 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 2 Megabit (256K x 8) UV EPROM and OTP ROM 


» VERY FAST ACCESS TIME: 80ns 


= COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


=» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100nA 

=» PROGRAMMING VOLTAGE: 12.75V 


a ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


» PROGRAMMING TIMES OF AROUND 24sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C2001 is a high speed 2 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. Itis organised as 262,144 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans- 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C2001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 


Table 1. Signal Names 


ca 
cae 


Program Supply 
Supply Voltage 


May 1992 


\ — a 
~ nt I 
oe N i 


FDIP32W  (F) 


PDIP32 (B) 


Figure 1. Logic Diagram 


VAQO0716 
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Figure 2A. DIP Pin Connections 


CON ON F WN 


Z 
M27C2001 


9 
10 
11 
12 
13 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature: 


hs eee «| Temperature Under Bias 


Tste Storage Temperature 


Supply Voltage 


Input or Output Voltages —0.6 to 7 


Figure 2B. LCC Pin Connections 


M27C2001 


VA00718 


grade 1 
grade 6 


0 to 70 °C 
—40 to 85 
50 to 125 


—0.6 to 7 V 


Program Supply Voltage 0.6 to 14 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The modes of operations of the M27C2001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27C2001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C2001 has a standby mode which re- 
duces the active current from 30mA to 100u/A (or 
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DEVICE OPERATION (cont'd) 


35mA to 200uA, see Read Mode DC Characteris- 
tics Table for details). The M27C2001 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 
will not occur. 


Eor the most efficient use of these two controllines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMSs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Notes: X = Vinor Vit, Vin = 12V +0 5V 


Table 4. Electronic Signature 


M27C2001 


the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point.The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C2001 are in the "1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only "Os" will be programmed, both "1s" and "Os" 
can be present in the data word. The only way to 
change a "0" to a'"1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C2001 is in the 
programming mode when Vpp input is at 12.75V, 
and E and P are at TTL-low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. Vcc is specified to be 6.25V 
+ 0.25V. 


Q0 - Q7 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
Is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


a 


VAQOB26 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


tu [rputtsekage Curent ‘| «OV EV Voo 
[to [ouput testage curent | OV EVowreVec 
Supply Current (Standby) TTL 


lt 
lLo 
co” 
Supply Current (Standby) CMOS E>Vcc—0.2V 
Input High Voltage 
Output Low Voltage lo. = 2.1mMA 
OH 


V Output High Voltage TTL lon = —400nA 
Output High Voltage CMOS lon = —-100HA 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2 For Speeds -80, -10, -12 and Option "L" at 0 to 70 °C only. For other types the maximum Icc Is 35mA. 
3 For Speeds -80, -10, -12 and Option "L" at 0 to 70 °C only. For other types the maximum Icc2 is 200A. 
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Table 7A. Read Mode AC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vepp = Voc) 


taxax 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


aad Gal Ocal 
| [250] ns_| 
| [250] ns_| 


E = Vu, @= Vu 
Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 


tAVQV 


DATA OUT 


VA00719 
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Table 8. Programming Mode DC Characteristics ™) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Parameter 
Ts | rputteatagecurert | 0 VazVoo 
es 
a 
te 
pn 


pth tage | 
a 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 


I 
loc 
Vit 
Vin 


Table 9. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Output Enable High to Output 
Hi-Z 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 


— 
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tGLQV 
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ms 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO I! Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
margin, in a typical time of less than 24 seconds. 
Programming with PRESTO II consists of applying 
a sequence of 100us program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
— overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 
Program Inhibit 


Programming of multiple M27C2001s in parallel 
with different data is also easily accomplished. 

Except for E, all like inputs including G of the 
parallel M27C2001 may be common. A TTL low 
level pulse applied to a M27C2001’s E input, with 
P low and Vpp at 12.75V, will program that 
M27C2001. A high level E input inhibits the other 
M27C2001s from being programmed. 


Program Verify 
A verify (read) should be performed on the pro- 


Veo = 6.25V, Vpp = 12.5V 


Vec = 5V, Vpp = 5V 


Check all Bytes grammed bits to determine that they were correctly 

VAQ0715 programmed. The verify is accomplished with E 
and G at Vit, P at Vin, Vpp at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C2001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line A9 of the M27C2001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address liné AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. Byte 0 (A0O=ViL) represents the manu- 
facturer code and byte 1 (AO=ViH) the device 
identifier code. For the SGS-THOMSON 
M27C2001, these two identifier bytes are given 
here below, and can be read-out on outputs Q0 to 
Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C2001 are 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


M27C2001 


Example: 


Vcc Tolerance 


-80 X F 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Data shows that 
constant exposure to room level fluorescent light- 
ing could erase a typical M27C2001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C2001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C2001 window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C2001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm®. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 pW/cm* power rating. The M27C2001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1 L 


Temperature Range 


80 ns x + 5% F  FDIP32W 1 O0to70°C Low Power 
-10 100 ns blank + 10% B PDIP32 6 —40 to 85°C X Additional 
42 120ns C PLCC32 Burn 
45 150ns L  Lecc32w pee rabee ee) 
-20 200 ns 
25  250ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27V201 
LOW VOLTAGE CMOS 


2 Megabit (256K x 8) UV EPROM and OTP ROM 


=» LOW VOLTAGE READ OPERATION 

— Vcc Range: 3V to 5.5V (Ta = 0 to 70°C) 

— Vcc Range: 3.2V to 5.5V (Ta = —-40 to 85°C) 
=» ACCESS TIME: 200 and 250ns 
=» LOW POWER “CMOS” CONSUMPTION: 

— Active Current 15mA 

— Standby Current 20uA 


» SMALL PACKAGES FOR SURFACE MOUNT- 
ING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) 
height 
— Plastic: PLCC32 
=» PROGRAMMING VOLTAGE: 12.75V 


» PROGRAMMING TIMES OF AROUND 24sec. 
(PRESTO Il ALGORITHM) 


ae M27V201 IS PROGRAMMABLE AS M27C2001 
WITH IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V201 is a low voltage, low power 2 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 262,144 by 8 bits. 


The M27V201 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 


Table 1. Signal Names 


ae ae 
he 
-_—_ 


Program Supply 
Supply Voltage 


May 1992 


ADVANCE DATA 


PLCC32 (kK) LCCC32W (L) 


Figure 1. Logic Diagram 


M2/V201 


VA00693 
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This is advance tnformation on a new product now in development or undergoing evaluation Details are subject to change without notice 
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Table 2. Absolute Maximum Ratings 


Ta Ambient Operating Temperature: grade 1 0 to 70 
grade 6 —40 to 85 


a 
a 


AQ Voltage —0.6 to 13.5 
Program Supply Voltage —0.6 to 14 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. LCC Pin Connections 


M27V201 
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DESCRIPTION (cont'd) 


The M27V201 can also be operated as a standard 
2 Megabit EPROM (similar to M27C2001) with a 
5V power supply . 


The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27V201 is offered in Plastic Leaded Chip Carrier 
package. 


DEVICE OPERATION 


The modes of operation of the M27V201 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on AQ for Elec- 
tronic Signature. 


Read Mode 


The M27V201 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
TavQV-tGLavV. 


Standby Mode 


The M27V201 has a standby mode which reduces 
the active current from 15mA to 20uA with low 
voltage operation Vcc < 3.2V (80mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V201 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 
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DEVICE OPERATION (cont'd) 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 


Table 3. Operating Modes 


Output Disable 


Notes: X = Vin or Vii, Vio = 12V + 0.5V 


Table 4. Electronic Signature 


po fo | o | o | o | am | 
[devicecode | vw | o | t+ | + | o fo fo | oo ft 


M27V201 


and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device atthe 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1LF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


The M27V201 has been designed to be fully com- 
patible with the M27C2001. As a result the 
M27V201 can be programmed as the M27C2001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V201 has the same 
electronic signature and uses the same PRESTO 
Il algorithm . 


Vit Pulse Data In 


= 3/8 
ky 3Sctecoces 


155 


M27V201 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 
Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


- 


C, includes JIG capacitance 


VA00828 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Vcc = 3V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Test Condition 
Input Leakage Current OV < Vin < Voc 
Output Leakage Current OV < Vout < Vcc 


loc 


E> Voc — 0.2V, Vec < 3.2V 
E> Vcc — 0.2V, Veo = 5.5V 


| 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


| 
nh nw {od 
= wo 
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Table 7. Read Mode AC Characteristics 


(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta =—40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


is Address Transition to 
ie Output Transition 


Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 


| 200 | | 20 | as 
|| 200 | 


250 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


2. This parameter is sampled only and not 100% tested 


Figure 5. Read Mode AC Waveforms 


DEVICE OPERATION (cont'd) 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V201 are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 


tAXQX 


ae 


tEHQZ 


le tCHOZ 
Hi-Z 
DATA OUT | 


VA00719 


change a“0" to a”1"is by die exposure to ultraviolet 
light (UV EPROM). The M27V201 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E andP are at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 
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Table 8. Programming Mode DC Characteristics 
(TA = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symoci | Parameter | Testconation [win [wax | um 
Ts [wputteaage rent | Wusvwsve [so] an 
a OS 
a 
Ta [ttn tags ies fw 
Sm 
ps [eweatorveups | ezima [fa 

a a 
a 


Note: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


ee re ee 
Pion | te | rpavaerogemin [| 2) 
Pee | Write [TL 


t t Chip Enable Low to 
ae Cry Program Low 


Program Pulse Width 


Program High to Input 

Input Transition to Output 
taxeL loES_| Enable Low 

Output Enable Low to 

Output Valid 

Output Enable High to 

Output Hi-Z 

Output Enable High to 

Address Transition 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. This parameter ts sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 


tAVPL 


tVPHPL 


tVCHPL 


<——— PROGRAM —————p!4 VERIFY 


VAQ0720 


Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 
margin, in around 26 seconds. Programming with 
PRESTO Il involves in applying a sequence of 
100s program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 
~ gram pulse is applied since the verify in MARGIN 
MODE provides necessary margin to each pro- 
grammed cell. 
Program Inhibit 


Programming of multiple M27V201s in parallel with 
eee Rea different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V201 may be common. A TTL low level pulse 
applied to aM27V201’s E input, with P low and Vpp 

at 12.75V, will program that M27V201. Ahigh level 
E input inhibits the other M27V201s from being 


programmed. 
Program Verify 
Veo: = oY. Vpp= ov A verify (read) should be performed on the pro- 
Check all Bytes grammed bits to determine that they were correctly 
VAQ0715 programmed. The verify is accomplished with E 


and G at Vit, P at Vin, Vep at 12.75V and Vcc at 
6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V201. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27V201, with Vep = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from ViL to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. 


Byte 0 (A0=ViL) represents the manufacturer code 
and byte 1 (A0=Vin) the device identifier code. For 
the SGS-THOMSON M27V201, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. Note that the M27V201 
and M27C2001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V201 is such 
that erasure begins when the cells are exposed to 


ORDERING INFORMATION 


M27V201 -200 K 


Example: 


PLCC32 
LOCC32W 


-200 200 ns K 
-250 250 ns L 


Temperature Range 


light with wavelengths shorter than approximately 
4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V201 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V201 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V201 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V201 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time), for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27V201 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 


6 TR 


1 Oto 70°C 
6 -40to 85°C 


TR Tape & Reel 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


8/8 iyy SGS-THO 


SON 


M 
MICROELECTRONICS 


160 


ky, SGS“ THOMSON 


M27C4001 


CMOS 4 Megabit (512K x 8) UV EPROM and OTP ROM 


» VERY FAST ACCESS TIME: 80ns 


=» COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


=» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 50mA at 5MHz 
— Standby Current 100uUA 

=» PROGRAMMING VOLTAGE: 12.75V 


» ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


# PROGRAMMING TIMES OF AROUND 48sec. 
(PRESTO Il ALGORITHM) 


DESCRIPTION 


The M27C4001 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 524 288 by 8 bits. 


The 32 pin Window Ceramic Frit-Seal Dual-in-Line 
and Leadless Chip Carrier packages have trans- 
parent lids which allow the user to expose the chip 
to ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4001 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 


Table 1. Signal Names 


re oat 
Cie | Fegan iy 
ie | Se vege 
os 


May 1992 


1 
FDIP32W  (F) 


PDIP32 (B) PLCC32 (C) 


Figure 1. Logic Diagram 


M2/7C4001 


VA00721 
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Figure 2A. DIP Pin Connections 


CON OOF WNH 


2 
M27C4001 


9 
10 
11 
12 
13 
14 
15 
16 


Ambient Operating Temperature: 


[vip [input or OuputVotages ——SSSCS~idC sw 
0 


Figure 2B. LCC Pin Connections 


M27C4001 


VA00723 


grade 4 
grade 6 


0 to 70 °C 
—40 to 85 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
Indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The modes of operations of the M27C4001 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27C4001 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of taLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C4001 has a standby mode which re- 
duces the active current from 50mA to 100n/A. The 
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DEVICE OPERATION (coni’d) 


M27C4001 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 
b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer : 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Output Disable 


Selo 


Notes: X = Vin or Vit, Vip = 12V + 0.5V 


Table 4. Electronic Signature 


a Data Out 


[ine oe I Se 

a. Sa 
[Program inhibit | Vin | 
a ee 
[Electronic Signature | Mu | Me | | Vco | Cotes 


M27C4001 


the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
Capacitive and inductive loading of the device atthe 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1uF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4001 are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a "1" is by die exposition to ultravi- 
olet light (UV EPROM). The M27C4001 is in the 
programming mode when Vpp input is at 12.75V, 
and Eis at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. Voc is specified to be 6.25V + 0.25V. 


[enter | ao [or [os [os [om [os [oe | | a [nae 
Tierseauerscore [we [ote f+[ofo]o]ol|o | om _ 
Toewecws fw fo fi )fefe{ofolo|s| «mn 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST mC =100pF 


a 


VA00826 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Symbol | Max | unit 
Input Capacitance ese 
Output Capacitance 


Note: This parameter is sampled only and not tested 100% 


Figure 5. Read Mode AC Waveforms 


DATA OUT 


(are 


VA00724 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


| ko | OutputLeakage Current | OV VoursVoo | 

ko |simpyounen —f E=MisG=vasteowie {__1_7p_} ma 
E=Vit, G= Vit, f = 5MHz a ee 

Supply Current (Standby) TTL ae == Gee 

Supply Current (Standby) CMOS | __-E>Voo-o2v | | too _ 


| ter | Program Current | rp =Veo | | tT 
| Vu | nputtowvotage | | || 
| Vu | inputHighvotage | 
| Vo. | Outputtow voltage | tn 2tma | || 
| 24 


Output High Voltage TTL lon = 400A 
Output High Voltage CMOS 


Table 7A. Read Mode AC Characteristics “) 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


lon = 100A 


Chip Enable Low to Output Valid 


Output Enable Low to Output Valid 


i ns 
40 | ns_| 


Soatwmer” —[eveS-v) ©] Jo] [ol [Lm 


Table 7B. Read Mode AC Characteristics 
(Ta =0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Parameter ee eee eee 
| min | Max | Min | Max_ 
| tavev__| taco [Address Validto Output Valid | E=Vn,G=vu{ | 150 | | 200 | ns 
| taav__| toe |ChipEnableLowtoOutputValid | G=vu |_| 150 | _—|_200 | ns | 
| taav | toe [Output Enable LowtoOutputValid] E=Vvi | __—|_60 | ——|_70 | ns | 
| teoz® | tor |Chip Enable High to OutputHiz | G=vi_|_o | 80 | 0 | 80 | ns | 
| tcaz® | tor [Output Enable High to OutputHiZ| E=Vn | 0 | 50 | o | 80 | ns_ 
fe fieeere  ewern] [fe [ [ 

Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2 This parameter is sampled only and not 100% tested. 


Test Condition 


TAXax 
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Table 8. Programming Mode DC Characteristics ™ 
(TA = 25 °C; Voc = 6.25V + 0.25V; Vep = 12.75V + 0.25V) 


a 


Program Current 


Output High Voltage TTL lon = —400nA 
A Voltage a 7% 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Ceymoat [at | Perancer —_|_teatonaton [wm | wox [vat 
Twa | te [Aes vicwcrpemoew |e | as 
Tem | te [iewvaiocrpenietw [2 | 
Poe [on [npmeeenie [Ds 


t eee as Enable Program Pulse 
pe Width 
Chip Enable High to Input 
teHax Transition 2 Ee 


Hes Transition to Output Enable 
fQXGL toes 


t Output Enable Low to Output 
ce Valid 

t t Output Enable High to Address 
rs os Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2 This parameter is sampled only and not 100% tested 


pe ff 
|| 0 | ns 
po | 0 | we 
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Figure 6. Programming and Verify Modes AC Waveforms 


bay 


DATA IN DATA OUT 
ee 


t(VPHEL 


<- — PROGRAM ————»l_ VERIFY. ——> 


VA00725 


Figure 7. Programming Flowchart PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
Vien S 695V. Ven = TR 5Y margin, in a typical time of less than 52 seconds. 
CC eee MRL od Programming with PRESTO II consists of applying 
a sequence of 100us program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
_ overprogram pulse is applied since the verify in 
MARGIN MODE provides the necessary margin to 
each programmed cell. 
Program Inhibit 


Programming of multiple M27C4001s in parallel 
with different data is also easily accomplished. 

Except for E, all like inputs including G of the 
parallel M27C4001 may be common. A TTL low 
level pulse applied to a M27C4001’s E input, with 
Vpp at.12.75V, will program that M27C4001. Ahigh 
level E input inhibits the other M27C4001s from 
being programmed. 


Program Verify 


Veco = 9Y. Vpp = 9¥ A verify (read) should be performed on the pro- 
Check all Bytes grammed bits to determine that they were correctly 
VA00726 programmed. The verify is accomplished with G at 

Vit, E at Vin, Vpp at 12.75V and Vcc at 6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. this mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C4001. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C4001 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vi_ during Electronic Signa- 
ture mode. Byte 0 (AO=ViL) represents the manu- 
facturer code and byte 1 (A0=Vin) the device 
identifier code. For the SGS-THOMSON 
M27C4001, these two identifier bytes are given 
here below, and can be read-out on outputs QO to 
Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C4001 are 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


M27C4001 


Example: 


-80 X F 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and some type of fluorescent lamps have wave- 
lengths in the 3000-4000 Arange. Data shows that 
constant exposure to room level fluorescent light- 
ing could erase a typical M27C4001 in about 3 
years, while it would take approximately 1 week to 
cause erasure when exposed to direct sunlight. If 
the M27C4001 is to be exposed to these types of 
lighting conditions for extended periods of time, it 
is suggested that opaque labels be put over the 
M27C4001 window to prevent unintentional era- 
sure. The recommended erasure procedure for the 
M27C4001 is exposure to short wave ultraviolet 
light which has wavelength of 2537 A. The inte- 
grated dose (i.e. UV intensity x exposure time) for 
erasure should be a minimum of 15 W-sec/cm®. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uWicm? power rating. The M27C4001 
should be placed within 2.5 cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1 3L 


Sp 
-80 80 ns xX +5% F FDIP32W 1 Oto70°C L Low Power 
10 100 ns blank  +10% B - PDIP32 6 -40to 85°C X Additional 
12 120 ns C  PLCC32 PUM In 
45 150ns L  LCCC32W He NEpG Since! 
-20 200 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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LOW VOLTAGE CMOS 
4. Megabit (512K x 8) UV EPROM and OTP ROM 


ADVANCE DATA 


=» LOW VOLTAGE READ OPERATION 

— Voc Range: 3V to 5.5V (Ta = 0 to 70°C) 

— Vcc Range: 3.2V to 5.5V (Ta=—40 to 85°C) 
# ACCESS TIME: 200 and 250ns 
=» LOW POWER “CMOS” CONSUMPTION: 

— Active Current 15mA 

— Standby Current 20uA 


=m SMALL PACKAGES FOR SURFACE MOUNT- 
ING: 


— Ceramic: LCCC32W, ultra-thin 2.8mm (max) PLCG32 (K) LOCC32W’ (L) 
height 
— Plastic: PLCC32 
=» PROGRAMMING VOLTAGE: 12.75V 


=» PROGRAMMING TIMES OF AROUND 48sec. 
(PRESTO Il ALGORITHM) 


= M27V401 IS PROGRAMMABLE AS M27C4001 Figure 1. Logic Diagram 
WITH IDENTICAL SIGNATURE 


DESCRIPTION 


The M27V401 is a low voltage, low power 4 Mega- 
bit electrically programmable memory (EPROM), 
ideally suited for handheld and portable micropro- 
cessor systems requiring large programs. It is or- 
ganized as 524,288 by 8 bits. 


The M27V401 operates in the read mode with a 
supply voltage as low as 3V (3.2V between —40 to 
85°C). The decrease in operating power allows 
either a reduction of the size of the battery or an 
increase in the time between battery recharges. 

M27V401 


Table 1. Signal Names 


a Co 
oo 
— 
anal 


m 


VAO0695 


Supply Voltage 


May 1992 1/8 


This is advance information on a new product now tn development or undergoing evaluation Details are subject to change without notice. 
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Table 2. Absolute Maximum Ratings 


TA Ambient Operating Temperature: grade 1 0 to 70 
—40 to 85 


| unit 


a 
a 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2. LCC Pin Connections 


M27V401 
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DESCRIPTION (cont'd) 


The M27V401 can also be operated as a standard 
4 Megabit EPROM (similar to M27C4001) with a 
5V power supply . 


The 32 pin Window, Leadless Chip Carrier package 
has a transparent lid which allows the user to 
expose the chip to ultraviolet light to erase the bit 
pattern. A new pattern can then be written to the 
device by following the programming procedure. 


2/8 ky SGS-TH 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27V401 is offered in Plastic Leaded Chip Carrier 
package. 


DEVICE OPERATION 


The modes of operation of the M27V401 are listed 
in the Operating Modes table. A single power 
supply is required in the read mode. All inputs are 
TTL levels except for Vpp and 12V on A@Q for Elec- 
tronic Signature. 


Read Mode 


The M27V401 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLav). Data 
is available at the output after a delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 


tavav-tGLav. 
Standby Mode 


The M27V401 has a standby mode which reduces 
the active current from 15mA to 20uA with low 
voltage operation Vcc < 3.2V (30mA to 100A with 
a supply of 5.5V), see Read Mode DC Character- 
istics Table for details. The M27V401 is placed in 
the standby mode by applying a CMOS high signal 
to the E input. When in the standby mode, the 
outputs are in a high impedance state, independent 
of the G input. 
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DEVICE OPERATION (cont'd) 


Two Line Output Control! 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 


Table 3. Operating Modes 


M27V401 


and transient current peaks that are produced by 
the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
capacitive and inductive loading of the device at the 
output. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
contro! and by properly selected decoupling capac- 
itors. It is recommended that a 1F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


The M27V401 has been designed to be fully com- 
patible with the M27C4001. As a result the 
M27V401 can be programmed as the M27C4001 
on the same programmers applying 12.75V on Vpp 
and 6.25V on Vcc. The M27V401 has the same 
electronic signature and uses the same PRESTO 
Il algorithm . 


| Mode | | te |e 
pRead | | XX ata ut 
| Outputisable |e | XT XH 
[Progam | Vu Pulse | Vm |X |e atin 
pverty | |X ata ut 
Crogan nme [vw | ve Ver 
[Standby | i 

[ Electronic Signature | Vu 


Notes: X = Vinor Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


Manufacturer’s Code 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4 to 2.4V 


Input and Output Timing Ref. Voltages 0.8 to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 


Lt 


Cy includes JIG capacitance 
VA00828 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100%. 


Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C; Vcc = 8V to 5.5V unless specified; Vpp = Vcc) 
(Ta = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Test Condition 
Input Leakage Current 
Output Leakage Current 


Input Low Voltage 


Output High Voltage TTL 
Output High Voltage CMOS lon = —100pA 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
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Table 7. Read Mode AC Characteristics ™ 


M27V401 


(Ta = 0 to 70 °C; Voc = 8V to 5.5V unless specified; Vep = Vcc) 
as = —40 to 85 °C; Vcc = 3.2V to 5.5V unless specified; Vpp = Vcc) 


Test Condition 


i a 


an [wax [ wn 
wor | cs [actress Vaio Oupavas —[EcvaSavel [a0 | fas [me 
aie 
ev | tox [Outpt nate tow ioOuptvaial eave [tao [| 160 [| 
Pat [ee cemanmneomaes [ten To fo fo fo fo 


| tenoz® | | tor Output Enable High to Output Hi-Z Enable High to Output Hi- Zz} eM 


Address Transition to 
rr Output Transition Ee VnGeve et teh te 


M27V401 —\ 


200 | | 250 | ns 


| Bev 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


2. This parameter is sampled only and not 100% tested. 


Figure 5. Read Mode AC Waveforms 


, VALID ! 


tAVQV 


DATA OUT 


(are) 


DEVICE OPERATION (cont'd) 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27V401 are in the “1" 
state. Data is introduced by selectively program- 
ming "Os" into the desired bit locations. Although 
only “Os” will be programmed, both “is” and “Os” 
can be present in the data word. The only way to 


VA00724 


change a“0"toa”1"is by die exposure to ultraviolet 
light (UV EPROM). The M27V401 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E and P are at TTL-low. The data to be programmed 
is applied 8 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 
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Table 8. Programming Mode DC Characteristics “) 
(TA = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Supply Curren eee ee 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Tsymbot [at [Parameter | Test Gonaton | in| woe [Un 

Twn | te [Ades vaidtoregamiw | es 

eputvaidtoPegamtow [a 
a See Ma 


Ss 
Ss 
t t Chip Enable Low to 
Bark GES Program Low 
Program Pulse Width 


Program High to Input 


Output Enable Low to 
Output Valid 
tenaz 2 ‘Oucuree High to 
t t Output Enable High to 
ene on Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 


Tee 


(DATA IN) DATA OUT 
= a 
rl tCLQV i 
— eT Peat 


zd tVCHEL [i= tGHAX 


tQXGL 
TELE 


<-—_—_ PROGRAM SS VERIFY 


VA00725 


Figure 7. Programming Flowchart PRESTO II Programming Algorithm 


PRESTO II Programming Algorithm allows the 
whole array to be programmed, with a guaranteed 

a = margin, in around 52 seconds. Programming with 
NGgee Cregeen PRESTO II involves in applying a sequence of 
100us program pulses to each byte until a correct 
verify occurs. During programming and verify oper- 
ation, a MARGIN MODE circuit is automatically 
activated in order to guarantee that each cell is 
programmed with enough margin. No overpro- 


gram pulse is applied since the verify in MARGIN 
E=100us Pulse MODE provides necessary margin to each pro- 
grammed cell. 


Program Inhibit 


Programming of multiple M27V401s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs including G of the parallel 
M27V401 may be common. A TTL low level pulse 
applied to a M27V401’s E input, with P low and Vpp 
at 12.75V, will program that M27V401. Ahigh level 
E input inhibits the other M27V401s from being 


programmed. 
Veo = 5V. Vpp = 5V Program Verify 
Check all Bytes A verify (read) should be performed on the pro- 
VA00726 grammed bits to determine that they were correctly 


programmed. The verify is accomplished with G at 
Vit, E at Vin,, Vep at 12.75V and Vcc at 6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27V401. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27V401, with Vep = Vcc 
= 5V. Two identifier bytes may then be sequenced 
from the device outputs by toggling address line AO 
from Vit to Vin. All other address lines must be held 
at Vit during Electronic Signature mode. 


Byte 0 (AO=ViL) represents the manufacturer code 
and byte 1 (AO=Vjx) the device identifier code. For 
the SGS-THOMSON M27V401, these two identi- 
fier bytes are given here below, and can be read- 
out on outputs Q0 to Q7. Note that the M27V401 
and M27C4001 have the same identifier bytes . 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27V401 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 


ORDERING INFORMATION 


M27V401 


Example: 


-200 200 ns K 
-250 250 ns L 


PLOC32 
LCCC32W 


Temperature Range 


4000A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000A range. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27V401 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27V401 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27V401 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27V401 is exposure to 
short wave ultraviolet light which has a wavelength 
of 2537A. The integrated dose (i.e. UV intensity x 
exposure time) , for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M27V401 should be placed within 2.5 cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which 


-200 K 6 TR 


1 Oto 70°C 
6  -40 to 85°C 


TR Tape & Reel 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27C4002 


CMOS 4 Megabit (256K x 16) UV EPROM and OTP ROM 


=» VERY FAST ACCESS TIME: 100ns 


= COMPATIBLE WITH HIGH SPEED MICRO- 
PROCESSORS, ZERO WAIT STATE 


» LOW POWER “CMOS” CONSUMPTION: 
— Active Current 50mA at 5MHz 
— Standby Current 100uA 

= PROGRAMMING VOLTAGE: 12.75V 


= ELECTRONIC SIGNATURE FOR AUTOMATED 
PROGRAMMING 


=» PROGRAMMING TIMES OF AROUND 24sec. 
(PRESTO I] ALGORITHM) 


DESCRIPTION 


The M27C4002 is a high speed 4 Megabit UV 
erasable and programmable memory (EPROM) 
ideally suited for microprocessor systems requiring 
large programs. It is organised as 262,144 by 16 
bits. 


The Window Ceramic Frit-Seal Dual-in-Line and 
J-Lead Chip Carrier packages have transparent 
lids which allow the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


For applications where the content is programmed 
only one time and erasure is not required, the 
M27C4002 is offered in both Plastic Dual-in-Line 
and Plastic Leaded Chip Carrier packages. 


Table 1. Signal Names 


Pe eheenbe 
Te ovate 


May 1992 


FDIP40W (F) 


JLOC44W (J) 


PDIP40 (B) PLCC44 (C) 


Figure 1. Logic Diagram 


M27C4002 
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Figure 2A. DIP Pin Connections 


1 

2 
3 
4 
5 
6 
7 
8 
SS) 
1 


0 31 
M27C4002 
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Ambient Operating Temperature: 


symbol | Parameter =| Value | unit 


Figure 2B. LCC Pin Connections 


M27C4002 


grade 1 
grade 6 


0 to 70 : 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The modes of operations of the M27C4002 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27C4002 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 


2/8 ‘STA SGS-THO 


Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, the address access time (tavav) 
is equal to the delay from E to output (teLqv). Data 
is available at the output after a delay of ta_av from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27C4002 has a standby mode which re- 
duces the active current from 50mAto 100uA. The 
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DEVICE OPERATION (cont'd) 


M27C4002 is placed in the standby mode by ap- 
plying a CMOS high signal to the E input. When in 
the standby mode, the outputs are in a high imped- 
ance state, independent of the G input. 


Two Line Output Control 


Because EPROMS are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. This ensures that all deselected mem- 
ory devices are in their low power standby mode 
and that the output pins are only active when data 
is required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMSs require careful decoupling of the 
devices. The supply current, Icc, has three seg- 
ments that are of interest to the system designer: 
the standby current level, the active current level, 
and transient current peaks that are produced by 


Table 3. Operating Modes 


Read 

Output Disable _~ 
Program 

Verify 

Program Inhibit 


IL 
IL 


Notes: X = Vin or Vit, Vin = 12V + 0.5V 


Table 4. Electronic Signature 


La aes! 


Standby a Ee 
Electronic Signature 


went | ao [or | os | os | ov | os | ce | a | o | texdaw 
Twerieawerscoe [vu fo fo [1[o[oe]o]o]o] am 
Poevcecne fw fe [i[efelel1[o,o] «n 


M27C4002 


the falling and rising edges of E. The magnitude of 
the transient current peaks is dependent on the 
output capacitive and inductive loading of the de- 
vice. 


The associated transient voltage peaks can be 
suppressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M27C4002 are in the “1" 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a“0"toa”1"is by die exposure to ultraviolet 
light (UV EPROM). The M27C4002 is in the pro- 
gramming mode when Vpp input is at 12.75V, and 
E is at TTL-low. The data to be programmed is 
applied 16 bits in parallel to the data output pins. 
The levels required for the address and data inputs 
are TTL. Vcc is specified to be 6.25V + 0.25V. 


[Ver | _a0-a15 
Data In 


~x< 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


t 


VAQ0B26 C; includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Note: This parameter is sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 


AO—A17 | VALID 


tAVQV 


DATA OUT 


ae) 
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Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Supply Current (Standby) TTL 
Supply Current (Standby) CMOS 
| tee | Program Gurent, | Vee = Veo 
| Vn __|InputlowVotage | 

| Vn |inputHign Voltage || 
| Vor | Outputtow voltage | te tma | 


Output High Voltage TTL 
Output High Voltage CMOS 


Table 7A. Read Mode AC Characteristics ™ 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


a Parameter 


| Min | Max | min | 

| tavav__| taco [Address Valid to Output Vaid [E=ViG=Ve| | 100 | 

| tev | toe [Chip Enable Low to Outputvaid | G=vn | | too | 

| trav | toe Output Enable Lowto Output Vaid| E=ve | | 50 | | 60 | ns 
po | 3 | o | 
po | | o | 


Test Condition 


tceE 

toe 

tor 

Output Enable High to Output Hi-Z 
Address Transition to a rae 

Output Transition E=Vi,G= Vit 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vpp = Voc) 


| teaz® | tor _|Chip Enable High to Output Hi-Z 
‘ - E 2 


tELav 


Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2. This parameter is sampled only and not 100% tested 
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Table 8. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol Parameter Test Condition 
Input Leakage Current 
Supply Curren (ee 


tion | Min 

<Vs peel 

Ered! 

Program Curren a ee ee 
Input Low Voltage ee ee 

fee 

ple etma | 

: | 24 


< 


L 


H Input High Voliage 


VoL Output Low Voltage lo. = 2.1mA 


Output High Voltage TTL lon = 400A 


VoH | 


Vio __| AS Voltage es ee 


Note: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[smb | at | Povanety ‘| Test Ganaion [win | wax 
LAVEL tas Address Valid to Chip Enable Low i = ae 

tos Input Valid to Chip Enable Low Pf ds 
tVCHEL tvcs Voc High to Chip Enable Low Ti i aa 


noe tay Ft dae Program Pulse PY | 05 fue 
ues fas anne High to Input Pe f | we 
ce ee 
aie | foes ea Enable High to Output So | 190 | ns 
es ec 


Notas: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep 
2 This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 
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tVCHEL se tGHAX 


tQXGL 
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Figure 7. Programming Flowchart PRESTO Il Programming Algorithm 


PRESTO Il Programming Algorithm allows the 
whole array to be programmed with a guaranteed 
Van = 6.25V. Von = 125V margin, in a typical time of less than 24 seconds. 
CC peg eas Programming with PRESTO II consists of applying 
a sequence of 100us program pulses to each byte 
until a correct verify occurs. During programming 
and verify operation, a MARGIN MODE circuit is 
automatically activated in order to guarantee that 
each cell is programmed with enough margin. No 
= overprogram pulse is applied since the verify in 
MARGIN MODE provides necessary margin to 
each programmed cell. 
Program Inhibit 


Programming of multiple M27C4002s in parallel 
with different data is also easily accomplished. 
Except for E, all like inputs including G of the 
parallel M27C4002 may be common. A TTL low 
level pulse applied to a M27C4002’s E input, with 
Vpp at 12.75V, will program that M27C4002. Ahigh 
level E input inhibits the other M27C4002s from 
being programmed. 


Program Verify 


VEC = Sve Vpp > 2¥ A verify (read) should be performed on the pro- 
Check all Bytes grammed bits to determine that they were correctly 
VA00726 programmed. The verify is accomplished with G at 

Vit, E at Vin, Vpp at 12.75V and Vcc at 6.25V. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27C4002. To activate this mode, the 
programming equipment must force 11.5V to 12.5V 
on address line AQ of the M27C4002 with 
Vpp=Vcc=5V. Two identifier bytes may then be 
sequenced from the device outputs by toggling 
address line AO from Vit to Vin. All other address 
lines must be held at Vit during Electronic Signa- 
ture mode. Byte 0 (AO=ViL) represents the manu- 
facturer code and byte 1 (A0=Vin) the device 
identifier code. For the SGS-THOMSON 
M27C4002, these two identifier bytes are given 
here below, and can be read-out on outputs Q0 to 
Q7. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristics of the M27C4002 are 
such that erasure begins when the cells are ex- 


ORDERING INFORMATION 


Example: 


Vcc Tolerance 


M27C4002 -10 X F 


posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sun- 
light and some type of fluorescent lamps have 
wavelengths in the 3000-4000 Arange. Research 
shows that constant exposure to room level fluo- 
rescent lighting could erase a typical M27C4002 in 
about 3 years, while it would take approximately 1 
week to cause erasure when exposed to direct 
sunlight. If the M27C4002 is to be exposed to these 
types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M27C4002 window to prevent uninten- 
tional erasure. The recommended erasure proce- 
dure for the M27C4002 is exposure to short wave 
ultraviolet light which has wavelength 2537 A. The 
integrated dose (i.e. UV intensity x exposure time) 
for erasure should be a minimum of 15 W-sec/cm2. 
The erasure time with this dosage is approximately 
15 to 20 minutes using an ultraviolet lamp with 
12000 uW/cm? power rating. The M27C4002 
should be placed within 2.5cm (1 inch) of the lamp 
tubes during the erasure. Some lamps have a filter 
on their tubes which should be removed before 
erasure. 


1. .E 


Temperature Range] | ___ Option 


-10 


100 ns X +5% F FDIP40W 1 Oto70°C L Low Power 
42 120ns blank + 10% B - PDIP4o 6 -40 to 85°C X Additional 
45 150ns C  PLCCa4 eu 
20 200ns L = gLCC4aw TR Tape & Reel 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27C160 


CMOS 16 Megabit (2M x 8 or 1M x 16) UV EPROM 


ADVANCE DATA 


=» FAST ACCESS TIME: 150ns 
» WORD-WIDE or BYTE-WIDE CONFIGURABLE 
= 16 Megabit, 42 Pin, MASK ROM COMPATIBLE 
=» LOW POWER CONSUMPTION 

— Active Current 7OmA at 8MHz 

— Standby Current 100A 
= PROGRAMMING VOLTAGE 12.5V + 0.3V 


=» PROGRAMMING TIME OF AROUND 10sec. 
(PRESTO II] ALGORITHM) 


DESCRIPTION 


The M27C160 is a 16 Megabit UV erasable and 
programmable memory (EPROM) ideally suited for 
microprocessor systems requiring large data or 
program storage. It is organised as either 2M words 
of 8 bit or 1M words of 16 bit. The pin-out is 
compatible with a 16 Megabit Mask ROM. 


The 42 pin Window Ceramic Frit-Seal package has 
a transparent lid which allows the user to expose 
the chip to ultraviolet light to erase the bit pattern. 
A new pattern can then be written rapidly to the 
device by following the programming procedure. 


Table 1. Signal Names 


as Ce 
Fe 
Tico | Simpy otage 
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FDIP42W (F) 


Figure 1. Logic Diagram 


M27C160 
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Table 2. Absolute Maximum Ratings 


a 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Read Mode 


The M27C160 has two organisations, Word-wide 
and Byte-wide. The organisation is selected by the 
signal level on the BYTEVpp pin. When BYTEVpp 


Figure 2. DIP Pin Connections 


1 

2 A8 is at Vin the Word-wide organisation is selected and 
3 AQ the Q15A-1 pin is used for Q15 Data Output. When 
, ao the BYTEVpp pin is at Vit the Byte-wide organisa- 
- "et tion is selected and the Q15A-1 pin is used for the 
Address Input A-1. When the memory is logically 
° ele regarded as 16 bit wide, but read in the Byte-wide 
7 Als organisation, then with A-1 at Vi_ the lower 8 bits of 
8 A14 the 16 bit data are selected and with A-1 at Vin the 

9 AIS upper 8 bits of the 16 bit data are selected. 
ane The M27C160 has two control inputs, both of which 
M27C160 > BYTEVpp must be logically active in order to obtain data at 
2 31 Vg¢ the outputs. In addition the Word-wide or Byte- wide 


organisation must be selected. The E signal is the 
power control and should be used for device selec- 
tion. The G signal is the output control and should 
be used to gate data to the output pins. With E=Vi 
and G=Vi_ the output data will be valid in a time 
tavav after the all address lines are valid and stable. 
The Chip Enable to Output Valid time teLav is equal 
to the Address Valid to output Valid time tavav. 
When the Addresses are valid and E=Vi, the out- 
put data is valid after a time of taLav from the falling 
edge of the Output Enable signal. 


Standby Mode 


The M27C160 has a standby mode which reduces 
the active current from 50mA (f = 5MHz) to 100uA. 


Q15A-1 
Q7 
Q14 
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DEVICE OPERATION 


The operating modes of the M27C160 are listed in 
the Operating Modes Table. A single 5V supply is 
required in the read mode. All inputs are TTL com- 
patible except for Vpp and 12V on AQ for the 
Electronic Signature. 


The standby mode is entered by applying a CMOS 
high level Vcc —0.2V to E. When in the standby 
mode the outputs are in an high impedance state, 
independant of the G input level. 
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Table 3. Operating Modes 


| as | ao-a7 | as-ara | aisa-t 
Data Out Data Out 


Program Inhibit 
v ee a ee ee 


Hi-Z 


Notes: X = Vinor Vit, Vin = 12V +0 5V 


Table 4. Electronic Signature 


Q4 or Q2or | Qior | Q0or Hex 
Q12 Q10 Q9 Q8 Data 
Oh 


Manufacturer’s Code 


Table 5. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C; Vcc = 5V + 5% or 5V + 10%; Vepp = Voc) 


E=Vin 


Es Vcc —0.2V 


Vpp = Voc 


Output Short Circuit Current Note 2 and 3 
Input Low Voltage 
Input High Voltage 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously with or after Vpp. 
2 This parameter is sampled only and not tested 100%. 
3. Output shortcircuited for no more than one second. No more than one output shorted at a time. 
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Table 6. Read Mode AC Characteristics “) 
(Ta = Oto 70 °C; Voc = 5V + 5% or 5V + 10%; Vepp = Voc) 


Output Enable Low to Output om 


(2) ale Low to Output E=Vi,G=Vit 
G 


teHaz Chip Enable High to Output Hi-Z 


t Output Enable High to Output = 
OF | HF-Z . 


<= 
= 


m| 
< 
i oo 


Address Transition to Output =e ne 
Transition E=Vi,G= Vit 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 
2. This parameter is sampled only and not 100% tested. 


Figure 3. Word-Wide Read Mode AC Waveforms 
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tAVQV 


DATA OUT 


(ara) 
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Note: BYTEVpp = Vin 
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Figure 4. Byte-Wide Read Mode AC Waveforms 


| 
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a tAVQV 
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DATA OUT 


ara 
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Note: BYTEVpp = Vit 


Figure 5. BYTE Transition AC Waveforms 


VALID 


VALID 


tAVQV tAXQX 


DATA OUT as DATA OUT 


Hi=Z DATA OUT 


Note: EandG= Vir 
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AC Measurement Conditions Figure 7. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 6. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C| =100pF 


I 


VA00826 C,; includes JIG capacitance 


VA00828 


Table 7. Capacitance (Ta = 25 °C, f = 1 MHz) 


[symbol | Parameter |__TestCondition | Min 
Cy Llnput Capacitance (except BYTEVer) | w= ov | 

Input Capacitance (BYTEVer) | Vw=ov | | 120 |r 
| cour | Outputcapacitance | Vorr=0v | 


Note: This parameter is sampled only and not tested 100% 


Table 8. Programming Mode DC Characteristics (1) 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.5V + 0.3V) 


Parameter Test Condition 


Input Leakage Current 


mA 
A 


m 


Vec + 0.5 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
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Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C: Voc = 6.25V + 0.25V; Vpp = 12.5V + 0.3V) 


ae oe a 


rr ee eee 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested. 


Figure 8. Programming and Verify Modes AC Waveforms 
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Figure 9. Programming Flowchart 


Check all words 
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Output Disable Mode 


When EPROMS are used in memory arrays two line 
output control should be used. This function uses 
the output disable mode which allows: 


a. the lowest possible power consumption 


b. complete assurance that output bus contention 
will not occur 


For the best use of the two control lines E and G, 
the input E should be decoded and used as the 
primary selection, while G should be made a com- 
mon connection to all memories in the array. G 
should be connected to the READ signal of the 
system bus. This will ensure that all deselected 
devices are in the low power standby mode and 
that the output lines are only active when data is 
required from a particular memory device. 


System Considerations 


The power switching characteristics of Advanced 
CMOS EPROMs require carefull decoupliing of the 
supplies to the devices. The supply current Icc has 
three segments of importance to the system de- 
signer: the standby current, the active current and 
the transient peaks that are produced by the falling 
and rising edges of E. 


The magnitude of the transient current peaks is 
dependant on the capacititive and inductive loading 
of the device outputs. The associated transient 
voltage peaks can be supressed by complying with 
the two line output control and by properly selected 
decoupling capacitors. It is recommended that a 
1uF ceramic capacitor is used on every device 
between Vcc and Vss. This should be a high fre- 
quency type of low inherent inductance and should 
be placed as close as possible to the device. In 
addition, a 4.7uF electrolytic capacitor should be 
used between Vcc and Vss for every eight devices. 
This capacitor should be mounted near the power 
supply connection point. The purpose of this capac- 
itor is to overcome the voltage drop caused by the 
inductive effects of PCB traces. 


Programing 


When first delivered, and after erasure for UV 
EPROMs, all bits are in the “1" logic state (Output 
High). Data with both ”1’s" and “O’s” is applied and 
the “Os” are programed into the memory array. For 
programing Vcc is raised to 6.25V. The M27C160 
is in the Program Mode when Vpp is at 12.75V, G 
is at Vin and E is pulsed to Vi_. Data to be pro- 
gramed is applied 16 bits in parallel to the data 
output pins QO - Q15. 


PRESTO Ill Algorithm 


The PRESTO Ill Algorithm allows the whole 16 
Megabit array to be programed with a guaranteed 
margin in a typical time of less than 10 seconds. 
The algorithm applies a series of 101is program 
pulses to each word until a correct verify is made. 
During programing and verify a MARGIN MODE 
circuit is automatically activated to guarantee that 
each cell is programed with an adequate margin. 
No overprogram pulse is applied since the verify in 
MARGIN MODE provides the neccessary thres- 
hold margin for each cell. 


Program Inhibit 


Multiple M270160s may be programed in parallel 
with different data. This is done by putting in parallel 
all inputs except E and G. With Vcc at 6.25V and 
Vpp at 12.5V, data should be applied to all devices 
and G placed at Vin. Low level pulses on the E of 
one device will program that device. 


Program Verify 


After each program pulse a verify read is made by 
reading the data output with Vcc at 6.25V, Vpp at 
12.5V and G placed at Vi. 


Electronic Signature 


The Electronic Signature Mode allows a binary 
code to be read from the EPROM which identifies 
the Manufacturer and Device Type. These codes 
are intended to be used to match the programing 
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equipment to the device being programed and its 
corresponding algorithm. 


The Electronic Signature Mode is activated by ap- 
plying a voltage Vip of 12V to the Address line A9 
and Vit to all other Address lines, with E and G at 
Vit and BYTE at Vin. The identifier bytes may be 
read from either QO-Q7 or Q8-Q15. With Address 
line AO at Vit the byte output is the Manufacture’s 
code, with AO at Vin the byte identifies the Device 
Type. The codes for the SGS-THOMSON 
M27C160 are shown in the table. 


Erasure 


The erasure of the M27C160 begins when the cells 
are exposed to light,of wavelengths shorter than 
approximately 4000 A. Sunlight and some types of 
fluorescent lamps have wavelengths in the 3000 - 


ORDERING INFORMATION 


Example: M27C160 


-150 150 ns + 5% 
-200 200 ns blank +10% 


M27C160 


4000 A range. Constant exposure to room level 
fluorescent lighting could erase a typical EPROM 
in about 3 years, while it takes approximately 170 
hours to cause erasure when exposed to direct 
sunlight. To prevent accidental erasure it is recom- 
mended that opaque labels be placed over the 
M27C160 window. 


The erase procedure for the M27C160 is exposure 
to UV light with a wavelength of 2537 A. The 
integrated dose (UV intensity x time) for erasure 
should be a minimum of 15 W-sec/cm*. The erase 
time with this dosage is 15 to 20 minutes using an 
UV lamp with 12,000 n.W/cm? rating. The M27C160 
should be placed within 2.5cm of the lamp tube 
during erasure. No filter should be used on the 
lamp. 


-12 X F 14 


| a Tolerance 


| Package Temperature Range 
FDIP42W 1 Oto70°C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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Ays G5" THOMSON M2716 


NMOS 16K (2K x 8) UV EPROM 


m 2048 x 8 ORGANIZATION 


=» 525 mW Max ACTIVE POWER, 132 mW Max 
STANDBY POWER 


= ACCESS TIME: 
— M2716-1 is 350ns 
— M2716 is 450ns 
= SINGLE 5V SUPPLY VOLTAGE 
=» STATIC-NO CLOCKS REQUIRED 


=» INPUTS AND OUTPUTS TTL COMPATIBLE FDIP24W  (F) 
DURING BOTH READ AND PROGRAM 
MODES 


=» THREE-STATE OUTPUT WITH TIED-OR- CA- 
PABILITY 


=» EXTENDED TEMPERATURE RANGE 
=» PROGRAMMING VOLTAGE: 25V Figure 1. Logic Diagram 


DESCRIPTION 


The M2716 is a 16,384 bit UV erasable and elec- 
trically programmable memory EPROM, ideally 
suited for applications where fast turn around and 
pattern experimentation are important require- 
ments. 

The M2716 is housed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 


Table 1. Signal Names 


fee | chinenatio Pagan 
ee 
[ie | Pram spy 
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Table 2. Absolute Maximum Ratings 


symbol | Parameter, =| | Value =| Unit 
Ta Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 —40 to 85 
TBIAS Temperature Under Bias grade 1 —10 to 80 °C 
grade 6 —50 to 95 


| Tere | Storage Temperature | 
| Voc | Suppyvotage | | to | 
| Vio | Inputor Output Voltages | 
| Vep | ProgramSuppy | | 08 tote | 
| Po | PowerDissipation | | tw 


-85 10 125 


“0.3106 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 


VA00785 


DEVICE OPERATION 


The M2716 has 3 modes of operation in the normal 
system environment. These are shown in Table 3. 


Read Mode. The M2716 read operation requires 
that G = Vi_, EP = Vi_ and that addresses AO-A10 
have been stabilized. Valid data will appear on the 
output pins after time tavav, taLav or teLav (see 
Switching Time Waveforms) depending on which is 
limiting. 


Deselect Mode. The M2716 is deselected by mak- 
ing G = Vin. This mode is independent of EP and 
the condition of the addresses. The outputs are 
Hi-Z when G = Vin. This allows tied-OR of 2 or more 
M2716’s for memory expansion. 


Standby Mode (Power Down). The M2716 may 
be powered down to the standby mode by making 
EP = Vin. This is independent of G and automati- 
cally puts the outputs in the Hi-Z state. The power 
is reduced to 25% (132 mW max) of the normal 
operating power. Vcc and Vpp must be maintained 
at 5V. Access time at power up remains either tavav 
or teLav (see Switching Time Waveforms). 


Programming 


The M2716 is shipped from SGS- THOMSON com- 
pletely erased. All bits will be at “1" level (output 
high) in this initial state and after any full erasure. 
Table 3 shows the 3 programming modes. 


Program Mode. The M2716 is programmed by 
introducing “O"s into the desired locations. This is 
done 8 bits (a byte) at atime. Any individual address, 
sequential addresses, or addresses chosen at ran- 
dom may be programmed. Any or all of the 8 bits 
associated with an address location may be pro- 
grammed with a single program pulse applied to the 
EP pin. All input voltage levels including the program 
pulse on chip enable are TTL compatible. 


The programming sequence is: with Vpp = 25V, Vcc 
= 5V, G = Vin and EP = Vi, an address is selected 
and the desired data word is applied to the output 
pins (Vit = “O" and Vin = "1" for both address and 
data). After the address and data signals are stable 
the program pin is pulsed from Vit to Vin with a 
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DEVICE OPERATION (cont'd) 


pulse width between 45ms and 55ms. Multiple 
pulses are not needed but will not cause device 
damage. No pins should be left open. A high level 
(Vin or higher) must not be maintained longer than 
tPpHPL (max) on the program pin during program- 
ming. M2716’s may be programmed in parallel in 
this mode. 


Program Verify Mode. The programming of the 
M2716 may be verified either one byte at a time 
during the programming (as shown in Figure 6) or 
by reading all of the bytes out at the end of the 
programming sequence. This can be done with 
Vpp = 25V or 5V in either case. Vpp must be at 5V 
for all operating modes and can be maintained at 
25V for all programming modes. 


Program Inhibit Mode. The program inhibit mode 
allows several M2716’s to be programmed simul- 
taneously with different data for each one by con- 
trolling which ones receive the program pulse. All 
similar inputs of the M2716 may be paralleled. 
Pulsing the program pin (from Vit to Vin) will pro- 
gram a unit while inhibiting the program pulse toa 
unit will keep it from being programmed and keep- 
ing G = Vin will put its outputs in the Hi-Z state. 


Table 3. Operating Modes 


Read 


Program Inhibit 


Standby 


Note: X = Vin or Vit. 


ky 
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ERASURE OPERATION 


The M2716 is erased by exposure to high intensity 
ultraviolet light through the transparent window. 
This exposure discharges the floating gate to its 
initial state through induced photo current. It is 
recommended that the M2716 be kept out of direct 
sunlight. The UV content of sunlight may cause 
a partial erasure of Some bitsin a relatively short 
period of time. 


An ultraviolet source of 2537 A yielding a total 
integrated dosage of 15 watt-seconds/cm* power 
rating is used. The M2716 to be erased should be 
placed 1 inch away from the lamp and no filters 
should be used. 


An erasure system should be calibrated periodi- 
cally. The erasure time is increased by the square 
of the distance (if the distance is doubled the 
erasure time goes up by a factor of 4). Lamps lose 
intensity as they age, it is therefore important to 
periodically check that the UV system is in good 
order. 


This will ensure that the EPROMs are being com- 
pletely erased. Incomplete erasure will cause 
symptoms that can be misleading. Programmers, 
components, and system designs have been er- 
roneously suspected when incomplete erasure 
was the basic problem. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


ua 


C; includes JIG capacitance 
VA00828 


Note: This parameter is sampled only and not tested 100%. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or SV + 10%; Vpp = Vcc) 


[symvot[ Parmer + ‘Test Condon [win 
in| petteaage Cwrend—sWwsee 
Tio | ouputtesage Curent | Voraen EP= Veo | 
cc | Supyouren Pewee 
ess | Supp Cure Sindy) [~Pavin Gavue | asm 
——— 
a 
a 


i 
Tw | et tignetage Ey 


Output Low Voltage lo. = 2.1mMA as 2. 
Output High Voltage lon = —400nA 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
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Table 6. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M2716 


Pain [oe [win | a 

wor | tics ies Vaio Ovpuvaid ——[EP=vevel [aso | [480 | 1 
Tinov | ter [crip Erato tow to Ouputvaie | Seva _[ aso | [aso | ne 
ex | toe [ouput nati tow to ouput vaio | eP=ve [| 20 | | veo | 
Pietor® | too [otip craic ighto ouputtiz | G=vu | © | 100 | 0 | 100 | 1s 
Preiee™ | tor ouput nati High to Oupniz | EPave [0 | 100 0 | 100 | ns 
T wor | ton [AdtossTanstionto Output tanston [EP=vuGavelo | Lo | | 1 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2 This parameter is sampled only and not 100% tested. 


Test Condition 


Figure 5. Read Mode AC Waveforms 
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Table 7. Programming Mode DC Characteristics 
(Ta = 25 °C; Voc = 5V + 5%; Vpp = 25V + 1V) 


symbot [Parameter | Testondiion [win [wor [unt 
a a ae a 
ra ae | i 
a 
[| Progam GurentPuse | EPaVuruwe | ‘| 

— aa ee 
SG 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 8. Programming Mode AC Characteristics “) 
(Ta = 25 °C: Voc = 5V + 5%: Vep = 25V + 1V) 


Output Enable High to Program 
High 


rs Program Pulse Rise Time et 
Program Pulse Fall Time 


Program Pulse Width 
Program Low to Input Transition 


Program Low to Output Enable 
Transition 


Output Enable to Output Valid 
Output Enable High to Output Hi-Z 
Program Low to Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested 


Figure 6. Programming and Verify Modes AC Waveforms 
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ORDERING INFORMATION 


Example: M2716 mb 


Speed and Vcc Tolerance Temperature Range 


-1 350 ns, 5V +10% F FDIP24W 1 0 to 70 °C 
blank 450 ns, 5V +5% 6 —40 to 85 °C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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IT 36S THOMSON M2732A 


NMOS 32K (4K x 8) UV EPROM 


FAST ACCESS TIME: 200ns 
EXTENDED TEMPERATURE RANGE 
SINGLE 5V SUPPLY VOLTAGE 

=» LOW STANDBY CURRENT: 35mA max 


# INPUTS AND OUTPUTS TTL COMPATIBLE 
DURING READ AND PROGRAM 


# COMPLETELY STATIC 


FDIP24W_ (F) 


DESCRIPTION 


The M2732A is a 32,768 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 4,096 words by 8 bits. The M2732A . oe 
with its single 5V power supply and with an access - Figure 1. Logic Diagram 
time of 200 ns, is ideal suited for applications where 
fast turn around and pattern experimentation one 
important requirements. 


The M2732Ais honsed in a 24 pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can be then 
written to the clerice by following the programming 
procedure. 


M2732A 
Table 1. Signal Names 


es co 
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Table 2. Absolute Maximum Ratings 


| Symbol | Parameter, | Vatu | Unit 

Le Ambient Operating Temperature grade 1 
grade 6 —40 to 85 

Temperature Under Bias grade 1 
grade 6 —50 to 95 


Ta 

Storage Temperature —65 to 125 

input or Output Voltages 
Supply Voltage —0.6 to 6 

Program Supply Voltage -0.6 to 22 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2. DIP Pin Connections 
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DEVICE OPERATION 


The six modes of operation for the M2732A are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL level except for Vpp. 


Read Mode 


The M2732A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 


be used to gate data to the output pins, indepen- 
dent of device selection. 


Assuming that the addresses are stable, address 
access time (tavaq) is equal to the delay from E to 
output (teLqv). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-iGLav. 


Standby Mode 


The M2732A has a standby mode which reduces 
the active power current by 70 %, from 125 mA to 
35 mA. The M2732A is placed in the standby mode 
by applying a TTL high signal to E input. When in 
standby mode, the outputs are in a high impedance 
state, independent of the GVpp input. 


Two Line Output Control 


Because M2732A's are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 


To most efficiently use these two control lines, it is 
recommended that E be decoded and used as the 
primary device selecting function, while G should 
be made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 
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Programming 


When delivered, and after each erasure, all bits of 
the M2732A are in the “1" state. Data is introduced 
by selectively programming ”0’s" into the desired 
bit locations. Although only “O’s” will be pro- 
grammed, both “1’s” and “0’s” can be presented in 
the data word. The only way to change a “O" toa 
"1" is by ultraviolet light erasure. 


The M2732A is in the programming mode when the 
GVpp input is at 21V. A 0.1uF capacitor must be 
placed across GVpp and ground to suppress 
spurious voltage transients which may damage the 
device. The data to be programmed is applied, 8 
bits in parallel, to the data output pins. The levels 
required for the address and data inputs are TTL. 


When the address and data are stable, a 50ms, 
active low, TTL program pulse is applied to the E 
input. A program pulse must be applied at each 
address location to be programmed. Any location 
can be programmed at any time - either individually, 
sequentially, or at random. The program pulse has 
a maximum width of 55ms. The M2732A must not 
be programmed with a DC signal applied to the E 
input. 


Programming of multiple M2732As in parallel with 
the same data can be easily accomplished due to 
the simplicity of the programming requirements. 
Inputs of the paralleled M2732As may be con- 
nected together when they are programmed with 
the same data. Alow level TTL pulse applied to the 
E input programs the paralleled 2732As. 


Program Inhibit 


Programming of multiple M2732As in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including GVpp) of the parallel 
M2732As may be common. A TTL level program 


Table 3. Operating Modes 


Standby 
Note: X = Vin or Vit. 


M2732A 


pulse applied to a M2732A’s E input with GVpp at 
21V will program that M2732A. A high level E input 
inhibits the other M2732As from being pro- 
grammed. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is carried out with GVpp and 
E at VIL. 


ERASURE OPERATION 


The erasure characteristics of the M2732A are 
such that erasure begins when the cells are ex- 
posed to light with wavelengths shorter than ap- 
proximately 4000 A. It should be noted that sunlight 
and certain types of fluorescent lamps have wave- 
lengths in the 3000-4000 A range. Research shows 
that constant exposure to room level fluorescent 
lighting could erase a typical M2732A in approxi- 
mately 3 years, while it would take approximately 
1 week to cause erasure when exposed to the 
direct sunlight. If the M2732A is to be exposed to 
these types of lighting conditions for extended pe- 
riods of time, it is suggested that opaque labels be 
put over the M2732A window to prevent uninten- 
tional erasure. 


The recommended erasure procedure for the 
M2732A is exposure to shortwave ultraviolet light 
which has a wavelength of 2537 A. The integrated 
dose (i.e. UV intensity x exposure time) for erasure 
should be a minimum of 15 W-sec/cm2. The era- 
sure time with this dosage is approximately 15 to 
20 minutes using an ultraviolet lamp with 12000 
uW/cm* power rating. The M2732A should be 
placed within 2.5 cm of the lamp tubes during 
erasure. Some lamps have a filter on their tubes 
which should be removed before erasure. 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


I 


VA00827 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz) 


Note: This parameter is sampled only and not tested 100% 


Figure 5. Read Mode AC Waveforms 


VALID ) 


tAVQV 


are) 


DATA OUT 


VA00782 


4/7 i 
SSS SSS Se ky SGS “THOMSON 
208 


M2732A 


Table 6. Read Mode DC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vep = Voc) 


Value 


Test Condition 
| tu | input Leakage Current = | Vn<Voo | | tO 
| uo | OutputLeakage Curent | Vour=Voo =| | tto |v 
| icc | Supply Curent | EW G=vme | 185m 
| ocr | Supply Current (Standby) | E=ViwG=Ve | | 85 | ma 
| Vw | Inputtowvotage | | os | 
| Vn | tnputHign votage = || | ot | 
| Vo. | OutputLow Voltage | st =2tma | || 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 7. Read Mode AC Characteristics “) 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Vcc) 


M2732A 
Test 
Symbol Condition 2a blank, 25 | 3 | 4 


Address Valid to E= 
nor [oe fea Ee [Jam] da] foe [fo 
Chip Enable Low to a 
sera [ou [ [| [=| [o=| [o| = 
Output Enable Low c. 
crass [ew | [w| [wo] [oo] [ow] 
(2) Chip Enable High to a 
tEHaz Output Hi-Z G=Vi 130 130 | ns 
(2) Output Enable High = 
t t Address Transition to E=Vi, ae 
RON OH | Output Transition G=Vit 


Notes: 1 Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. This parameter is sampled only and not 100% tested 
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Table 8. Programming Mode DC Characteristics ") 
(Ta = 25 °C; Voc = 5V + 5%; Vpp = 21V + 0.5V) 


Input Leakage Current 


Supply Current 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 


Table 9. Programming Mode AC Characteristics ™ 
(Ta = 25 °C; Voc = 5V + 5%; Vep = 21V +0.5V) 


symbol | Ait_| ___Parameter__—_—_—|_Test Gongition 


Address Valid to Chip Enable 
TAVEL tas Low 


Input Valid to Chip Enable Low 
Cine | tor [VeRisotme | 


Chip Enable Program Pulse 
tELEH tpw Width 
Chip Enable High to Input 


a 


| vere. | tva_| Vpp Low to Chip Enable Low 


tvR 

le Enable Low to Output Pavey: 
t Chip Enable High to Address 
me Transition 


Notes: 1. Vcc must be applied simultaneously with or before Ver and removed simultaneously or after Vep 


2 
2 
2 
50 
45 
2 
2 
2 
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Figure 6. Programming and Verify Modes AC Waveforms 
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ORDERING INFORMATION 
Example: M2732A -2 F 1 


Speed and Vcc Tolerance Temperature Range 


-2 200 ns, 5V +5% F FDIP24W 1 0 to 70 °C 
blank 250 ns, 5V +5% 6 -40 to 85°C 

-3 300 ns, 5V +5% 

-4 450 ns, 5V +5% 


-20 200 ns, 5V +10% 
-25 290 ns, 5V +10% 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MICROELECTRONICS M2764A 


NMOS 64K (8K x 8) UV EPROM 


FAST ACCESS TIME: 180ns 

EXTENDED TEMPERATURE RANGE 
SINGLE 5V SUPPLY VOLTAGE 

LOW STANDBY CURRENT: 35mA max 
TTLCOMPATIBLE DURING READ AND PROGRAM 
FAST PROGRAMMING ALGORITHM 
ELECTRONIC SIGNATURE 

PROGRAMMING VOLTAGE: 12V 


DESCRIPTION 


The M2764A is a 65,536 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 8,192 words by 8 bits. 


The M27C64A is housed in a 28 pin Window Ce- 
ramic Frit-Seal Dual-in-Line package. The trans- 
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


Table 1. Signal Names 


fe | otiptrave 
Output Enable 

no 
[Mss 


Supply Voltage 


May 1992 


FDIP28W  (F) 


Figure 1. Logic Diagram 


M27/764A 


VA00776 
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Table 2. Absolute Maximum Ratings 


symbol | Parameter, =| | Vatu 
TA Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 
TBIAS Temperature Under Bias grade 1 —10 to 80 
grade 6 —50 to 95 


Storage Temperature -65 to 125 


ae 
| Vo | InputorOutputvoltages | | 060 
| Vec_| Supply voltage | | 
| Vo [| agvotage | 0st 
| Vee | Programsuppy | |B 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2. DIP Pin Connections 


M2764A 
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is 
6 
7 
8 
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Warning: NC = No Connection. 


DEVICE OPERATION 


The seven modes of operations of the M2764A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M2764A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. 


Assuming that the addresses are stable, address 
access time (tavav) is equal to the delay from E to 
output (teLqv). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M2764A has a standby mode which reduces 
the maximum active power current from 75mA to 
35mA. The M2764A is placed in the standby mode 
by applying a TTLhigh signal to the E input. When 
in the standby mode, the outputs are in a high 


impedance state, independent of the G input. 
Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, the product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is desired 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
iters. It is recommended that a 1F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 


Table 3. Operating Modes 


ae 


M2764A 


inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 
should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPROM), all bits of the M2764A are in the “1" state. 
Data is introduced by selectively programming ”0s" 
into the desired bit locations. Although only “Os” will 
be programmed, both “1s” and “Os” can be present 
in the data word. The only way to change a “O" to 
a”1" is by ultraviolet light erasure. 


The M2764A is in the programming mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied, 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M2764A EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 


Notes: X = Vin or Vit, Vin = 12V +0 5%. 


Table 4. Electronic Signature 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


I 


VA00827 C, includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 
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Table 6. Read Mode DC Characteristics “) 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


| Symbol |___—— Parameters | ~—S—TestCondition —Ss||_—sMin__—(||_—s Max__|_Unit_| 
|u| InputLeakage Current | OS VsVeo ——CidTC TOA 
| ho | OutputLeakage Current | Vour=Veo F—C~sTC (‘$;SCCidL|SC tO S| 
| Ico | SupplyCurrent | EW Gav | Em 
Supply Current (Standby) 28 ee es ee < Os 
| lee __| ProgramCurrent || SS Vep=Voo F—Ctéi‘LC“(;SCd| S| Sm 
| Vu | inputLowVoltage ss |  —“‘C;C;S™CC(*dr «CWO =O CoS |TV 
| Vin | InputHighVoltage | —“‘“CSCC(*dR:S OC OL Veco t§ | VV 
| Vo._| OutputLow Voltage | st = 2 tmA—— wssdTC—C“(tsCédL:C(iSCS| 
| Vow | Output High Voltage | ton = 400A ss] | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 7A. Read Mode AC Characteristics ‘ 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


M2764A 
symbol Parameter conton [= [ad 20 an, 28 
[a [ws 


Address Valid to =i 
ea to Output Valid 
t Output Enable 
Saeil Low to Output Valid 
(2) Chip Enable High 
reat! to Output Hi-Z 
(2) Output Enable = 
High to Output Hi-Z E= 
t t Address Transition = 
AXQX | 'OH | to Output Transition = 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = 5V + 5% or 5V + 10%; Vepp = Voc) 


Test M2764A 
Symbol i) a a 


t Address Valid to 
AVAV | ‘ACC | Output Valid 
Chip Enable Low 
ELAV to Output Valid 


(2) Chip Enable High 
teHaz F | to Output Hi-Z 


t Output Enable mY, 
one Low to Output Valid eg 


t (2) Output Enable 
Shige High to Output Hi-Z 


t t Address Transition 
AXQX | ‘OH | to Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vep. 
2. This parameter is sampled only and not 100% tested. 
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Table 8. Programming Mode DC Characteristics “) 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


symbol Test Condition 
Input Leakage Current 


Icc Supply Current 


| ee | Program Gurren 


Input Low Voltage 
Input High Voltage 


Note: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


Parameter Test Condition | min | Max | Units | 
Address Valid to Programtow | | | ts 
ee a ee 


Program High to Input 
Transition 


Output Enable High to Address 
Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending of the multiplication value of the iteration counter. 
4 This parameter is sampled only and not 100% tested 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Fast Programming Flowchart DEVICE OPERATION (cont'd) 


been successfully programmed. A flowchart of the 
M2764A Fast Programming Algorithm is shown on 


Veo = 6V. Vpp = 12.5V the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over- 
program. 

The duration of the initial P pulse(s) is 1ms, which 


will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 


initial one millisecond pulses applied to a particular 
NO M2764A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro- 


vided for before the overprogram pulse is applied. 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6V and Vpp = 


r 12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
original data with Vcc = 5V and Vpp = 5V. 


Program Inhibit 


Programming of multiple M2764A in parallel with 

different data is also easily accomplished. Except 

for E, all like inputs (including G) of the parallel 

M2764A may be common. ATTL low pulse applied 

Veo — 2¥s Vpp = 9 to a M2764A’s E input, with Vpp_at 12.5V, will 

Check all bytes program that M2764A. A high level E input inhibits 
VA00775 the other M2764As from being programmed. 
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Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with G = ViL, 
E = Vit, P = Vin and Vpp = 12.5V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functionalin the 25°C +5°C ambient 
temperature range that is required when program- 
ming the M2764A. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line AQ of the 
M2764A. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vi to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO = ViL) represents the manufac- 
turer code and byte 1 (AO = Vin) the device identifier 
code. For the SGS-THOMSON M2764A, these two 
identifier bytes are given below. 


ORDERING INFORMATION 


M2764A -1 


Example: 


Speed and Vcc Tolerance 


-1 180 ns, 5V +5% 


-2 200 ns, 5V t5% 
blank 250 ns, 5V +5% 
-3 300 ns, 5V +5% 


-4 450 ns, 5V +5% 
200 ns, 5V +10% 
250 ns, 5V +10% 


F 


F 


ERASURE OPERATION (applies to UV EPPROM) 


The erasure characteristic of the M2764A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M2764A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M2764A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M2764A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M2764A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm?. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 uW/cm? power rating. The 
M2764A should be placed within 2.5 cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


Temperature Range 


FDIP28W 1 0 to 70° 
6 —40 to 85 °C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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SGS-THOMSON 
MICROELECTRONICS 


kyz 36S THOMSON M27128A 


NMOS 128K (16K x 8) UV EPROM 


FAST ACCESS TIME: 200ns 
EXTENDED TEMPERATURE RANGE 
SINGLE 5 V SUPPLY VOLTAGE 

LOW STANDBY CURRENT: 40mA max C) 


=» TTL COMPATIBLE DURING READ AND PRO- 
GRAM 


=» FAST PROGRAMMING ALGORITHM 1 
» ELECTRONIC SIGNATURE FDIP28W (F) 
= PROGRAMMING VOLTAGE: 12V 


DESCRIPTION 


The M27128A is a 131,072 bit UV erasable and ‘Figure 1. Logic Diagram 
electrically programmable memory EPROM. It is 
organized as 16,384 words by 8 bits. 


The M27128A is housed in a 28 Pin Window Ce- 
ramic Frit-Seal Dual-in-Line package. The trans- 
parent lid allows the user to expose the chip to 
ultraviolet light to erase the bit pattern. A new 
pattern can then be written to the device by follow- 
ing the programming procedure. 


Table 1. Signal Names 


[regan 
a 
Ve 
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Program Supply 
Supply Voltage 
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Table 2. Absolute Maximum Ratings 


Symbol 
Ta Ambient Operating Temperature grade 1 0 to 70 
grade 6 —40 to 85 
TBIAS Temperature Under Bias grade 1 —10 to 80 
grade 6 —50 to 95 


Storage Temperature —65 to 125 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Figure 2. DIP Pin Connections 
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Warning: NC = No Connection. 


DEVICE OPERATION 


The seven modes of operation of the M27128A are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTLlevels except for Vpp and 12V on AQ 
for Electronic Signature. 


Read Mode 


The M27128A has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, inde- 


pendent of device selection. 


Assuming that the addresses are stable, address 
access time (tavav) is equal to the delay from E to 
output (teLqv). Data is available at the outputs after 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 
tavav-tGLav. 


Standby Mode 


The M27128A has a standby mode which reduces 
the maximum active power current from 85mA to 
40mA. The M271 28A is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the G input. 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 
memory connection. The two line control function 
allows: 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer: the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of this transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommended that a 1pF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 


Table 3. Operating Modes 


Vit 
VIH 
Vin 


Notes: X = Vin or Vit, Vin = 12V +0 5%. 


Table 4. Electronic Signature 


Manufacturer's Code 


M27128A 


inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and GND for every eight devices. The bulk capac- 
itor should be located near the power supply con- 
nection point. The purpose of the bulk capacitor is 
to overcome the voltage drop caused by the induc- 
tive effects of PCB traces. 


Programming 


When delivered (and after each erasure for UV 
EPPROM), all bits of the M27128A are in the “1” 
state. Data is introduced by selectively program- 
ming ”Os" into the desired bit locations. Although 
only “Os” will be programmed, both “1s” and “Os” 
can be present in the data word. The only way to 
change a “O" to a "1" is by ultraviolet light erasure. 


The M27128A is in the programming mode when 
Vpp input is at 12.5V and E and P are at TTL low. 
The data to be programmed is applied 8 bits in 
parallel, to the data output pins. The levels required 
for the address and data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27128A EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST Ci, =100pF 


Ll 


VA00827 Cy includes JIG capacitance 


VA0082B 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 
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Table 6. Read Mode DC Characteristics ™) 
(Ta = 0 to 70 °C or —40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


[symbol | Parameter | Test Condition | min | Max | Unit | 
ts | wputteckage Curers_|_0¢¥vsVoo _|_{_ai_1 oA | 
| ho | OutputLeakage Curent | Vour=Voo | | tk 
| too | Suppy Curent | EW Geve | || ma 
| tcor_| Supply Current Standby) | EV | | 88m 
| lee | ProgramCurent | Vee =Veo | || ma 
| Mi_|inputtowVotage | | to | 
| Vn__[inputHighvotage | | Moot | OV 
| Vor | OutputLow Voltage | da tma | = || 
| Vow | Outputtigh Vottage | ton =~40na |e || 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vcc = SV 5% or SV + 10%; Vpp = Vcc) 


™ a) fee 


t t Address Valid to 
nuOY oe Output Valid 
“lesser [ee [eo [eo] [w]e 
cmews feu [=| [~| [=| [=| = 
“lesser [ew le [s[o[a[e [w]e [oe 
Por cee [en lo [=[elole[mlo[m| = 
t Address Transition to E Mis 

pone Output Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp 
2. This parameter is sampled only and not 100% tested. 


M27128A 


Test 
Condition 
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Table 8. Programming Mode DC Characteristics ") 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


el 
J 

a el 
[Vue Pputtih vetage eee 
[va [ouptow votage | tw wanes 
a 


Output High Voltage lon = —400nA a a ae 
AQ Voltage es ee 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp 


Table 9. Programming Mode AC Characteristics 


Address Valid to Program Low 


ins | Aas Vale Proper Low 
Tes | tt Vale Progam Low 
t 
t 


| ae | tees Chip Enable Low to Program 
ELPL Low 


Program Pulse Width (Initial) 
t t Program Pulse Width 
ne OEM (Overprogram) 
Program High to Input 
Input Transition to Output 
toxet toes Enable Low 


t i Output Enable Low to 
pant Output Valid 
ae 
taHax t Output Enable High to 
Address Transition 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 The Initial Program Pulse width tolerance ts 1 ms + 5%. 
3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 
4 This parameter is sampled only and not 100% tested 


tas 

tos 

CES 
PW 
DH 
OE 
AH 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart DEVICE OPERATION (cont’d) 


continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
Voc = 6V. Vpp = 12.5V M27128A Fast Programming Algorithm is shown 
on the last page. The Fast Programming Algorithm 
utilizes two different pulse types: initial and over- 
program. 


The duration of the initial P pulse(s) is 1ms, which 
will then be followed by a longer overprogram pulse 
of length 3ms by n (n is equal to the number of the 
initial one millisecond pulses applied to a particular 
M27128A location), before a correct verify occurs. 
Up to 25 one-millisecond pulses per byte are pro- 
vided for before the over program pulse is applied. 


The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6V and Vpp = 
12.5V. When the Fast Programming cycle has been 
completed, all bytes should be compared to the 
Original data with Vcc = 5 and Vpp = 5V. 


Program Inhibit 


Programming of multiple M27128A’s in parallel with 

different data is also easily accomplished. Except 

Voc = 5V, Vpp = 5V for E, all like inputs (including G) of the parallel 

Gidea bytes M27128A may be common. A TTL low pulse ap- 

wieeese plied to a M27128A’s E input, with Vpp = 12.5, will 

program that M27128A. Ahigh level E input inhibits 
the other M27128As from being programmed. 
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Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with G = VIL, 
E=ViL, P = Vin and Vpp at 12.5V. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the25°C + 5°C ambient 
temperature range that is required when program- 
ming the M27128A. 


To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line A9 of the 
M27128A. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vi to Vin. All other address lines 
must be held at Vit during Electronic Signature 
mode. Byte 0 (AO = Vi_) represents the manufac- 
turer code and byte 1 (AO = Vin) the device identifier 
code. For the SGS-THOMSON M27128A, these 
two identifier bytes are given below. 


ORDERING INFORMATION 


M27128A 


Example: 


Speed and Vcc Tolerance 


-2 200 ns, 5V +5% 
blank 250 ns, 5V+5% 
-3 300 ns, 5V + 5% 
-4 450 ns, 5V + 5% 
-20 200 ns, 5V + 10% 
-25 250 ns, 5V+10% 
-30 300 ns, 5V + 10% 


Be oF 


F 


1 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27128A is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27128A in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27128A is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque labels be put over the M27128A window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27128A is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm®. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 W/cm? power rating. The 
M27128A should be placed within 2.5cm (1 inch) 
of the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


Temperature Range 


FDIP28W 1 0 to 70°C 
6 40 to 85°C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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Ay SGS THOMSON M27256 


NMOS 256K (32K x 8) UV EPROM 


=» FAST ACCESS TIME: 170ns 

=» EXTENDED TEMPERATURE RANGE 
= SINGLE 5V SUPPLY VOLTAGE 

=» LOW STANDBY CURRENT: 40mA max 


=» TTL COMPATIBLE DURING READ AND 
PROGRAM 


» FAST PROGRAMMING ALGORITHM 
» ELECTRONIC SIGNATURE 
= PROGRAMMING VOLTAGE: 12V 


FDIP28W (F) 


DESCRIPTION 


The M27256 is a 262,144 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 32.768 words by 8 bits. 


The M27256 is housed ina 28 pinWindowCeramic Figure 1. Logic Diagram 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user toexpose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure 


Table 1. Signal Names 


fe [enperabe 
fe [ower 
a 
Tver | Sey Vetage 


Vss Ground 
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Table 2. Absolute Maximum Ratings 


symbol | __—— Parameter || Value | unit 
TA Ambient Operating Temperature grade 1 0 to 70 °C 
grade 6 —40 to 85 
TBIAS Temperature Under Bias grade 1 —10 to 80 °C 
grade 6 —50 to 95 


a 
a 
vee | supp Votege dss 
vio | vas votage tgs 
[ver [Proamsupy SSC~dSCtC‘“‘“‘~*S*rSC we 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Read Mode 


The M27256 has two control functions, both of 
which must be logically satisfied in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, address access time (tavav) is 
equal to the delay from E to output (teLqv). Data is 
available at the outputs after the falling edge of G, 
assuming that E has been low and the addresses 
have been stable for at least tavav-taLav. 


Standby Mode 


The M27256 has a standby mode which reduces 
the maximum active power current from 100mA to 
40mA. The M27256 is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the G input. 


Figure 2. DIP Pin Connections 
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Two Line Output Control 


De FEN We ae ee aN oo ee ee he Vg ee i a 
DELAUSE CFNMVIVIS die USUdIIY USEU TTI IAPYer iletti- 
ory arrays, this product features a 2 line control 
function which accommodates the use of multiple 


DEVICE OPERATION memory connection. The two line control function 


The eight modes of operations of the M27256 are 
listed in the Operating Modes Table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for Vpp and 12V on AQ 
for Electronic Signature. 


allows: 
a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


Eor the most efficient use of these two control lines, 
E should be decoded and used as the primary 
device selecting function, while G should be made 
a common connection to all devices in the array 
and connected to the READ line from the system 
control bus. 


This ensures that all deselected memory devices 
are in their low power standby mode and that the 
output pins are only active when data is required 
from a particular memory device. 


System Considerations 


The power switching characteristics of fast 
EPROMSs require careful decoupling of the devices. 
The supply current, Icc, has three segments that 
are of interest to the system designer : the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. Itis recommended that a 1u.F ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitors should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 


Table 3. Operating Modes 


should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programmain 


When delivered, (and after each erasure for UV 
EPROM), all bits of the M27256 are in the “1" state. 
Data is introduced by selectively programming "0s" 
into the desired bit locations. Although only “Os” will 
be programmed, both “1s” and “Os” can be present 
in the data word. The only way to change a “O" to 
a1" is by ultraviolet light erasure. The M27256 is 
in the programming mode when Vpp input is at 
12.5V and E is at TTL low. The data to be pro- 
grammed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27256 EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27256 Fast Programming Algorithm is shown on 
the Flowchart. The Fast Programming Algorithm 
utilizes two different pulse types : initial and over- 
program. The duration of the initial E pulse(s) is 
1ms, which will then be followed by a longer over- 
program pulse of length 3ns by n (n is equal to the 
number of the initial one millisecond pulses applied 


Program Inhibit 
Standby 


Notes: X = Vin or Vit, Vip = 12V + 0.5%. 


Table 4. Electronic Signature 


noe Tn ee ae 
[Program | Mu Pulse | vm | Xe 
rs ee ee ee 
[Optional verty | Mk | M 


Electronic Signature eee es 


[sr [no [or [os [os [oe [om [oe [or [ oo | vonrn 
ae Tees ie ett Tee a 


Data In 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


I 


VA00827 C; includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f = 1 MHz) 


Symbol Test Condition 
Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 
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VAOG0758 
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Table 6. Read Mode DC Characteristics ™ 
(Ta = 0 to 70 °C or -40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol Test Condition 


|u| Input Leakage Current 
| to | Output Leakage Current 


| Min | 

it <VIvs fe eee 
lo pT to 
| icc | SupplyCurrent | EW Gav || t0 Sm 
| Iccs__| Supply Current (Standby) | E=Vn | tml 
| lee | Program Current | peo | | ml 
| Vu | InputLowVoltage | Tmt | 
| Vin | InputHigh Voltage | et 
| Vor | OutputLowvoltage | to = 2tmA | 


Notes: 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 7A. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vepp = Voc) 


Test M27256 
Symbol Parameter Condition 


t t Address Valid to 

AVAV | *ACC | Output Valid 
troy | toe | Chip Enable Low 

eats to Output Valid 


t Output Enable 
asad Low to Output Valid 


tcE 
toe 
(2) Chip Enable High 
to Output Hi-Z 
; (2) Output Enable 
GHQZ DF | High to Output Hi-Z 
. ' Address Transition 
AXQX OH | to Output Transition 


Table 7B. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or -40 to 85 °C; Voc = 5V + 5% or 5V + 10%; Vpp = Voc) 


Symbol a Parameter 


mae (eal [| |» [a 
Chip Enable Low a 
cote, [eu | | | |» |» 
(2) Chip Enable High me 
taHaz Hiah to Outout Hi-Z E=Vit 105 130 ns 
' t Address Transition E=Vi, pf ns 
AXQX | ‘OH | to Output Transition G=ViL 


Notes: 1. Vcc must be applied simultaneously with or before Veep and removed simultaneously or after Vpp. 
2 This parameter ts sampled only and not 100% tested. 


Condition 
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Table 8. Programming Mode DC Characteristics “) 
(TA = 25 °C; Voc = 6V £ 0.25V; Vpp = 12.5V + 0.3V) 


| ts | InputLeakage Curent | Vis Vins Vin 
| toc | SupplyCurent | 
[tee | ProgramCurent | E=Me | |S 8m 
| Ve___| InputowVotiage | pot 
pon 
| Von 


ee 
| vn | inputtigh votage | Moot | 
| OutputLowVottage | ta=2tma | | ots | 


Notes. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Table 9. Programming Mode AC Characteristics 
(Ta = 25 °C; Voc = 6V + 0.25V; Vpp = 12.5V + 0.3V) 


t Chip Enable Program Pulse 
PW | Width (Initial) 


t t Chip Enable Program Pulse 
a OPW | Width (Overprogram) 


Output Enable High to 
Address Transition 


Notes. 1. Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 
2 The Inittal Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 
4. This parameter is sampled only and not 100% tested. 
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Figure 6. Programming and Verify Modes AC Waveforms 
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Figure 7. Programming Flowchart DEVICE OPERATION (cont’d) 


to a particular M27256 location), before a correct 
verify occurs. Up to 25 one-millisecond pulses per 
Voc = 6V, Vpp = 12 5V byte are provided for before the over program pulse 
is applied. The entire sequence of program pulses 
and byte verifications is performed at Vcc = 6V and 
Vpp = 12.5V. 

When the Fast Programming cycle has been com- 
pleted, all bytes should be compared to the original 
data with Vcc = 5V and Vpp = 5V. 


Basis ruse Program Inhibit 


Programming of multiple M27256s in parallel with 
different data is also easily accomplished. Except 

for E, all like inputs (including G) of the parallel 
M27256 may be common. ATTL low pulse applied 
to a M27256’s E input, with Vpp_= 12.5V, will 
program that M27256. A high level E input inhibits 
the other M27256s from being programmed. 


Program Verify 


A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify is accomplished with E = Vi, 
G = Vin and Vpp = 12.5V. 


Optional Verify 


The optional verify may be performed instead of the 
verify mode. It is performed with G = ViL, E = Vit 
(as opposed to the standard verify which has E = 
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DEVICE OPERATION (cont'd) 


Vin), and Vpp = 12.5V. The outputs will be in a Hi-z 
state according to the signal presented to G. There- 
fore, all devices with Vpp = 12.5V and G = Vi will 
present data on the bus independent of the E state. 
When parallel programming several devices which 
share the common bus, Vpp should be lowered to 
Vcc (6V) and the normal read mode used to exe- 
cute a program verify. 


Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment for the 
purpose of automatically matching the device to be 
programmed with its corresponding programming 
algorithm. This mode is functional in the 25°C + 5°C 
ambient temperature range that is required when 
programming the M27256. To activate this mode, 
the programming equipment must force 11.5V to 
12.5V on address line AQ of the M27256. Two 
identifier bytes may then be sequenced from the 
device outputs by toggling address line AO from Vi 
to Vin. All other address lines must be held at Vi 
during Electronic Signature mode. Byte 0 (AO = VIL) 
represents the manufacturer code and byte 1 (AO 
= Vin) the device identifier code. For the SGS- 


ORDERING INFORMATION 


M27256 -1 


Example: 


Speed and Vcc Tolerance 


-1 170 ns, 5V +5% 
-2 200 ns, 5V +5% 
250 ns, 5V +5% 
-3 300 ns, 5V +5% 
-4 400 ns, 5V +5% 
200 ns, 5V +10% 
250 ns, 5V +10% 


F 


F 


THOMSON M27256, these two identifier bytes are 
given below. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27256 is such 
that erasure begins when the cells are exposed to 
light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27256 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when exposed to direct sunlight. If the M27256 is 
to be exposed to these types of lighting conditions 
for extended periods of time, it is suggested that 
opaque lables be put over the M27256 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27256 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. The integrated dose (i.e. UV intensity x 
exposure time) for erasure should be a minimum 
of 15 W-sec/cm*. The erasure time with this dosage 
is approximately 15 to 20 minutes using an ultravi- 
olet lamp with 12000 W/cm? power rating. The 
M27256 should be placed within 2.5cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be re- 
moved before erasure. 


1 


Temperature Range 


FDIP28W 1 0 to 70°C 
6 —40 to 85 °C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M27512 


NMOS 512K (64K x 8) UV EPROM 


FAST ACCESS TIME: 200ns 
EXTENDED TEMPERATURE RANGE 
SINGLE 5V SUPPLY VOLTAGE 

LOW STANDBY CURRENT: 40mA max 


TTL COMPATIBLE DURING READ AND 
PROGRAM 


FAST PROGRAMMING ALGORITHM 
ELECTRONIC SIGNATURE 
PROGRAM MING VOLTAGE: 12V 


DESCRIPTION 


The M27512 is a 524,288 bit UV erasable and 
electrically programmable memory EPROM. It is 
organized as 65,536 words by 8 bits. 


The M27512 is housed in a 28 Pin Window Ceramic 
Frit-Seal Dual-in-Line package. The transparent lid 
allows the user to expose the chip to ultraviolet light 
to erase the bit pattern. A new pattern can then be 
written to the device by following the programming 
procedure. 


Table 1. Signal Names 


a ae 
Vss 


AO - A15 
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Figure 1. Logic Diagram 


M27512 
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Table 2. Absolute Maximum Ratings 


Symbol | Parameter | 3 
Ambient Operating Temperature are : fe ii te 
Temperature Under Bias aa B a eS oe 


| Tse __| Storage Temperate | | esto tes | 
| Vio | InputorOutputvotages | | ots | 
| Voo__| SupplyVotage | | tS | 
| vo | Aevotage | tot | 
| Ver | Program Supply | | tot 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification Is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


Read Mode 


The M27512 has two control functions, both of 
which must be logically active in order to obtain 
data at the outputs. Chip Enable (E) is the power 
control and should be used for device selection. 
Output Enable (G) is the output control and should 
be used to gate data to the output pins, indepen- 
dent of device selection. Assuming that the ad- 
dresses are stable, address access time (tavav) is 
equal to the delay from E to output (teLav). Data is 
available at the outputs after delay of teLav from 
the falling edge of G, assuming that E has been low 
and the addresses have been stable for at least 


tavav-taLav. 
Standby Mode 


The M27512 has a standby mode which reduces 
the maximum active power current from 125mA to 
40mA. The M2752 is placed in the standby mode 
by applying a TTL high signal to the E input. When 
in the standby mode, the outputs are in a high 
impedance state, independent of the GVpp input. 


Figure 2. DIP Pin Connections 


M27512 


VA00766 


Two Line Output Control 


Because EPROMs are usually used in larger mem- 
ory arrays, the product features a 2 line control 


DEVICE OPERATION 


The six modes of operations of the M27512 are 
listed in the Operating Modes table. A single 5V 
power supply is required in the read mode. All 
inputs are TTL levels except for GVpp and 12V on 
AQ for Electronic Signature. 


2/9 ky SSs:THO 


function which accommodates the use of multiple 
memory connection. The two line control function 
allows : 


a. the lowest possible memory power dissipation, 


b. complete assurance that output bus contention 
will not occur. 
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DEVICE OPERATION (cont'd) 


For the most efficient use of these two control lines, 
E should be decoded and used_as the primary 
device selecting function, while GVpp should be 
made a common connection to all devices in the 
array and connected to the READ line from the 
system control bus. This ensures that all dese- 
lected memory devices are in their low power 
standby mode and that the output pins are only 
active when data is required from a particular mem- 
ory device. 


System Considerations 


The power switching characteristics of fast 
EPROMs require careful decoupling of the devices 
The supply current, Icc, has three segments that 
are of interest to the system designer : the standby 
current level, the active current level, and transient 
current peaks that are produced by the falling and 
rising edges of E. The magnitude of the transient 
current peaks is dependent on the capacitive and 
inductive loading of the device at the output. The 
associated transient voltage peaks can be sup- 
pressed by complying with the two line output 
control and by properly selected decoupling capac- 
itors. It is recommenced that a 1uF ceramic capac- 
itor be used on every device between Vcc and Vss. 
This should be a high frequency capacitor of low 
inherent inductance and should be placed as close 
to the device as possible. In addition, a 4.7uF bulk 
electrolytic capacitor should be used between Vcc 
and Vss for every eight devices. The bulk capacitor 


Table 3. Operating Modes 


Standby V 


M27512 


should be located near the power supply connec- 
tion point. The purpose of the bulk capacitor is to 
overcome the voltage drop caused by the inductive 
effects of PCB traces. 


Programming 


When delivered, and after each erasure, all bits of 
the M27512 are in the “1" state. Data is introduced 
by selectively programming "0s" into the desired bit 
locations. Although only “Os” will be programmed, 
both “1s” and “Os” can be present in the data word. 
The only way to change a “O" toa”’1"is by ultraviolet 
light erasure. The M27512 is in the programming 
mode when GVpp input is at 12.5V and E is at 
TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 
The M27512 can use PRESTO Programming Algo- 
rithm that drastically reduces the programming 
time (typically less than 50 seconds). Nevertheless 
to achieve compatibility with all programming 
equipment, the standard Fast Programming Algo- 
rithm may also be used. 


Fast Programming Algorithm 


Fast Programming Algorithm rapidly programs 
M27512 EPROMs using an efficient and reliable 
method suited to the production programming en- 
vironment. Programming reliability is also ensured 
as the incremental program margin of each byte is 
continually monitored to determine when it has 
been successfully programmed. A flowchart of the 
M27512 Fast Programming Algorithm is shown in 
Figure 8. 


Electronic Signature 


Notes: X = Vin or Vit, Vio = 12V + 0.5%. 


Table 4. Electronic Signature 
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AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.45V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TeSd C, =100pF 


I 


VA00827 C,; includes JIG capacitance 


VA00828 


Table 5. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Test Condition 
Input Capacitance 
Output Capacitance 


Note: This parameter 1s sampled only and not tested 100%. 


Figure 5. Read Mode AC Waveforms 


AO—A15 VALID 


DATA OUT 


are 


VA00735 
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Table 6. Read Mode DC Characteristics “ 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


|r| input Leakage Current | Vsvoo | | ttn 
| to | Outputueakage Curent | Vour=Voo | | ttn 
| lec | Supply Curent | EM GeVe 


lt 

ILo 

Ico 25 | ma 
| tccr__| Supply Current (Standby) | E=Vn | || 
| Vn | inputLowVoltage | 

| Vn __| inputHigh Voltage = | CT 

| Vo._| OutputLowVoltage | du =2tmA | | ts | 
| Vox | OutputHigh Votage | to =-40pA | oe] | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


< 
Q 
oO 
; 
< 


Table 7. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C; Vec = 5V + 5% or 5V + 10%; Vpp = Voc) 


a fe coca 


Test 
Condition 


tacc |Address Valid to Output Valid 


L 
Chip Enable Low to Output Valid 
| trav | toe _| Output Enable Low to Output Valid 
E=Vi 


tceE 
toe 
Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 


Address Transition to Output 
AXQX 


Notes: 1 Vcc must be applied simultaneously with or before Vpp and removed simultaneously or after Vpp. 


Transition 
2 This parameter is sampled only and not 100% tested. 


Table 8. Programming Mode DC Characteristics ™ 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


[symoer[Poaneter | TeetGenaiton [win 
[| tbat Curent | Va sas | 
a 
[~ ir [Proganouet | ewe 
Twa [ration vorage tient 
[Ve [npr vetage | 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
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Table 9. MARGIN MODE AC Characteristics 
(Ta = 25 °C; Voc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


VA10 High to Chip Enable 
ta10HEH tasio High (Set) 


VA10 Low to Chip Enable High 
ta10LEH tasio (Reset) 
t t Chip Enable Transition to 
EAGIRS AH10 | VA10 Transition 

Chip Enable Transition to Vpp 
texvex {PH | Transition 

Vpp Transition to VA9 
{vPxA9X 'aH9 | Transition 


Note: 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 


Table 10. Programming Mode AC Characteristics “) 
(Ta = 25 °C; Vcc = 6.25V + 0.25V; Vpp = 12.75V + 0.25V) 


Symbol Test Condition 


twee | tee Address Valid to Chip Enable 
AVEL ea 
t 


tas 

tos Input Valid to Chip Enable Low 
Pw 
DH 


Vep High to Chip Enable Low 


Chip Enable Program Pulse 
Chip Enable Program Pulse 
Chip Enable High to Input 


VecHightoChipEnableLow | | 


Notes. 1. Vcc must be applied simultaneously with or before Vep and removed simultaneously or after Vpp. 
2. The Initial Program Pulse width tolerance is 1 ms + 5%. 
3. The length of the Over-program Pulse varies from 2.85 ms to 78.95 ms, depending on the multiplication value of the iteration counter. 
4. This parameter is sampled only and not 100% tested. 
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Figure 6. MARGIN MODE AC Waveform 


tASHVPH tVPXA9X 


tVPHEL tEXVPX 
tA1OHEH 
A10 Set : 


A110 Reset 


tA1OLEH 
VA00736 


Figure 7. Programming and Verify Modes AC Waveforms 
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Figure 8. Fast Programming Flowchart 


Voc = 5V, Vpp = SV 
Check all bytes 


VA00774 


DEVICE OPERATION (cont’d) 


The Fast Programming Algorithm utilizes two differ- 
ent pulse types : initial and overprogram. The du- 
ration of the initial E pulse(s) is ims, which will then 
be followed by a longer overprogram pulse of length 
3ns by n(n is an iteration counter and is equal to 
the number of the initial one millisecond pulses 
applied to a particular M27512 location), before a 
correct verify occurs. Up to 25 one-millisecond 
pulses per byte are provided for before the over 
program pulse is applied. 

The entire sequence of program pulses is per- 
formed at Vcc = 6V and GVpp = 12.5V (byte verifi- 
cations at Vcc = 6V and GVpp = Vi). When the Fast 
Programming cycle has been completed, all bytes 
should be compared to the original data with 
Voc = 5V. 


PRESTO Programming Algorithm 


PRESTO Programming Algorithm allows to pro- 
gram the whole array with a guaranted margin, in 
a typical time of less than 50 seconds (to be com- 
pared with 283 seconds for the Fast algorithm). 
This can be achieved with the SGS-THOMSON 
M27512 due to several design innovations de- 
scribed in the next paragraph that improves pro- 
gramming efficiency and brings adequate margin 
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Figure 9. PRESTO Programming Flowchart 


Voc = 6.25V, Vpp = 12.75V 
SET MARGIN MODE 


O 
F=500us Pulse 
NO 


YES 


RESET MARGIN MODE 
Veco = SV, Vpp = 5V, Check all bytes 
VA00773 


for reliability. Before starting the programming the 
internal MARGIN MODE circuit is set in order to 
guarantee that each cell is programmed with 
enough margin. 

Then a sequence of 500us program pulses are 
applied to each byte until a correct verify occurs. 
No overprogram pulses are applied since the verify 
in MARGIN MODE provides the necessary margin 
to each programmed cell. 


Program Inhibit 


Programming of multiple M27512s in parallel with 
different data is also easily accomplished. Except 
for E, all like inputs (including GVpp) of the parallel 
M27512 may be common. A TTL low level pulse 
applied to a M27512’s E input, with GVpp at 12.5V, 
will program that M27512. A high level E input 
inhibits the other M27512s from being pro- 
grammed. 


Program Verify 


A verify (read) should be performed on the pro- 
grammed bits to determine that they were correctly 
programmed. The verify is accomplished with GVpp 
and E at Vi_. Data should be verified tpv after the 
falling edge of E. 
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Electronic Signature 


The Electronic Signature mode allows the reading 
out of a binary code from an EPROM that will 
identify its manufacturer and type. This mode is 
intended for use by programming equipment to 
automatically match the device to be programmed 
with its corresponding programming algorithm. 
This mode is functional in the 25 °C +5 °C ambient 
temperature range that is required when program- 
ming the M27512. To activate this mode, the pro- 
gramming equipment must force 11.5V to 12.5V on 
address line AQ of the M2751 2. Two identifier bytes 
may then be sequenced from the device outputs by 
toggling address line AO from Vit to Vin. All other 
address lines must be held at Vit during Electronic 
Signature mode, except for A1i4 and A15 which 
should be high. Byte 0 (AO = ViL) represents the 
manufacturer code and byte 1 (AO = Vin) the device 
identifier code. 


ERASURE OPERATION (applies to UV EPROM) 


The erasure characteristic of the M27512 is such 
that erasure begins when the cells are exposed to 


ORDERING INFORMATION 


M27512 


Example: 


Speed and Vcc Tolerance 


-2 200 ns, SV +5% 
250 ns, 5V +5% 
-3 300 ns, 5V +5% 
200 ns, 5V +10% 
250 ns, 5V +10% 


> 


F 


M27512 


light with wavelengths shorter than approximately 
4000 A. It should be noted that sunlight and some 
type of fluorescent lamps have wavelengths in the 
3000-4000 Arange. Research shows that constant 
exposure to room level fluorescent lighting could 
erase a typical M27512 in about 3 years, while it 
would take approximately 1 week to cause erasure 
when expose to direct sunlight. If the M2751 2 is to 
be exposed to these types of lighting conditions for 
extended periods of time, it is suggested that 
opaque labels be put over the M27512 window to 
prevent unintentional erasure. The recommended 
erasure procedure for the M27512 is exposure to 
short wave ultraviolet light which has wavelength 
2537 A. 

The integrated dose (i.e. UV intensity x exposure 
time) for erasure should be a minimum of 15 
W-sec/cm*. The erasure time with this dosage is 
approximately 15 to 20 minutes using an ultraviolet 
lamp with 12000 W/cm? power rating. The 
M27512 should be placed within 2.5 cm (1 inch) of 
the lamp tubes during the erasure. Some lamps 
have a filter on their tubes which should be 
removed before erasure. 


Temperature Range 


FDIP28W 1 0 to 70°C 
6 -—40 to 85°C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range refer to the 
Selector Guide in this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


ky 


SGS-THOMSON 
MICROELECTROMICS 


9/9 
245 


FLASH MEMORIES 


ky GS; THOMSON M28F256 


CMOS 256K (32K x 8) FLASH MEMORY 


=» FAST ACCESS TIME: 100ns 
= 1,000 ERASE/PROGRAM CYCLES 
a» 12V PROGRAMMING VOLTAGE 


» TYPICAL BYTE PROGRAMMING TIME 100us 
(PRESTO F PROGRAMMING) 


=» ELECTRICAL CHIP ERASE IN 1s RANGE 


PDIP32 (P) PLCC32 (Kk) 


Figure 1. Logic Diagram 


DESCRIPTION 


The M28F256 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F256 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 

M28F 256 


Table 1. Signal Names 


AO -A14 Address Inputs 
DQO - DQ7 Data Inputs / Outputs 


VAQ0688 


Program Supply 
Supply Voltage 


May 1992 1/15 
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Figure 2A. DIP Pin Connections 


ON oOoOABWNH > 


2 
M28F 256 


oO 


OOAWN- CO 


VAO00689 


Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Figure 2B. LCC Pin Connections 


M28F 256 


VAO006390 


grade 1 0 to 70 
grade 3 —40 to 125 


grade 6 —40 to 85 


Storage Temperature —65 to 150 
Input or Output Voltages —0.6 to 7 


Ambient Operating Temperature 


Supply Voltage —0.6 to 7 
AQ Voltage —0.6 to 13.5 


Program Supply Voltage, during Erase 
or Programming 


—0.6 to 14 
Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
Indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F256 FLASH MEMORY employs a tech- 
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


2/15 ky SGS-THO 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ’don’t care’. 


Read Mode. The M28F256 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200uA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “ 


Read Only 


Standby 


Read/Write *) 


Standby 


Note: 1. X= Vicor Vin 
2. Refer also to the Command Table 


| ve [ opain | © | @ | W | | vev-par 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman4d, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
Ory. 


a a 
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Table 4. Electronic Signature 


Table 5. Commands “) 


Setup Erase/ | Write | 


Erase 


Setup Program/ 9 Write 


Program 


Note: 1. X=Vicor Vin 


READ/WRITE MODES (cont’d) 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 0000h or 
0001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


[tir [10 [067 [oan [008 [00s [von [noe [oor [oon [wean 
[ManufacturersCode | ve | o | o | + | o | o | o | o | o [zon 
[Devicecode | vw | 1 fo ft | oft {oO | o | o | onan 


1st Cycle 


Command Cycles 
=a | DQ7 A0-A14 DQO0-DQ7 


oooh | 20h 
ue wt 
| Read | 0001h OA8h 


aioe ‘easiness Dan a 
Erase Very noaté | oadn | Read | x __| Data Output 


2nd Cycle 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


mals) ky SGS-THOMSON 


MICROELECTRONICS 


252 


M28F256 


READ/WRITE MODES (cont'd) 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance (Ta = 25 °C, f= 1 MHz) 


Input Capacitance 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST C,=100pF 


a 


C, includes JIG capacitance 
VA00828 


Output Capacitance 


Note: this parameter is sampled only and not tested100% 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%) 


Symbol 


Input Leakage Current OV < Vins Voc 
Output Leakage Current OV < Vout ¥ Vcc 
Supply Current (Read) E = Vit, f = 5MHz 


Iu 
ILo 
Icc 


fm) 


elas: ices Seb 
oO —h, 
clit 
aia [s [slg 


Supply Current (Standby) CMOS E = Vcc £0.2V 


ay 
S 


loco ™ Supply Current (Programming) 
cos” 


Program Current (Read or 
Standb 

” 
Ipp1"”) Program Current (Programming) | Vpp = VppH, During Programming 


(1) Program Current (Program 
Verify) 


Ipp3l”) Vpp = Vppu, During Erase 
Ippq!") Vpp = Vepu, During Erase Verify 
Vit Input Low Voltage | ; 
a 
nputtighVotaeowos | —*dC ew | Veo vos | V_ 
Var [ountiowvoiage | tw atma | 
9 eo 
VoH 


Vpp = Vppu, During Verify 


U 
ine] 
| 
oO 
ol 
io) 
im) 


< 


<< 


Program Voltage (Read 

Operations) Pf fis dv 
Program Voltage (Read/Write 

Operations) ee 


Vio AQ Voltage (Electronic Signature) 


Note: 1. Not 100% Tested Characterisation Data available. 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Vcc = 5V + 5% or 5V + 10%; OV < Vpp < 6.5V) 


M28F256 
Symbol Parameter 


Test Condition 


42 


[Min | Max | in | Max 
a rr a 
peo eree nares ge 


| toe | Chip Enable Low to Output Valid Seen [en 
Output Enable Low to Output Ee. 

os 

_ tao | tee Output Enable Low to Output Valid 


tcpF | Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 


t Address Transition to Output 
BASS Transition 


Note: 1 Sampled only, not 100% tested 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —-40 to 85 °C, -40 to 125 °C; Voc = 5V+ 5% or 5V+10%; OV < Vpp < 6.5V) 


ee eS a eS 
eee ee 


Chip Enable Low to Output a 


tat ts i Eni Laeet eal a 


t Output Enable Low to Output 
eres Transition 


ise | err Output Enable Low to | Output Enable Low to Output Valid vaid|  E=Vn | Bava 
Vat [er festanrgnvewane | —e-u ots [aw [= 
tone“ Pana Pu [omen ee Ee eee et 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


M28F256 
Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V 45% or 5V + 10%; Vpp= "pas 


see 
ad ot == — 
ri [we [a [a 


ee ans Vee High to Chip Enable Low p10 | | 00} | ns 
Write Cycle Time pio | tao | ns 
Address Valid to Write Enable Low Oe aeed _iee 
Write Enable Low to Address Transition peo | |e} | rs | 
Chip Enable Low to Write Enable Low 20] [| 2} | as | 
| town | tos | Input Validto Write EnableHion | 80 || 50 || ns_| 
tWLWH Write Enable Low to Write Enable High (Write Pulse) feo | =| 6 | | ns | 

| teen | | Chip Enable Low to Chip Enable High (Write Pulse) feo | |e] | ns | 
Write Enable High to Input Transition prof fo] | ns 
| twiwne |__| Duration of Erase Operation 
Write Enable High to Chip Enable High po] fof | rs 
Write Enable High to Wnte Enable Low peo {| | a} | ns 
| twwc_| | Write Enable High to Output Enable Low a ae 
Addess Valid to data Output || too | | 120 | ns 
Chip Enable Low to Output Valid || too | | 420 | ns 
Output Enable Low to Output Transition pot fot | ie 
Output Enable Low to Output Vali pfs || 50 | ns 
Chip Enable High to Output HiZ | fof | ao | ns 
|| so] 


Output Enable High to Output Hi-Z 


Address Transition to Output Transition Ei E 
Notes: 1. Sampled only, not 100% tested 


2 AWrite is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write 1s controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all ttmings should be measured relative to Chip Enable waveform. 
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Table 9B. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V £5% or 5V + 10%; Vpp = 12V) 


jem] me TS 
rin [ex | wn [toe 


Time | [Vertignecrperabetew ——————~daoo |too || 
Tomine | two [WiteGydetine aso | aco | 
won| ts | Aes Vlo te Erebetew io | po) 
Te | tor | Wie Enable Lowe AdessTanstin ido |e |) ew 
Tian | | Chip nati towie wie Erabotow pao |p | |e 
tom | [output enaierighiowite Eravouow + of fo | | as 
Town | oe | pu vaso we crabetign SSS so | so ee 
am | tw | We nate Lowe Wite Ebi righ wri Puce) | 60 || oo | | nw 
Ftwes"™ || hip nate Lowe chip Enable igh wit Pusey | 60 | | 60 | | os 
wor | or | Wie nate gh otpu Tastin ao | Po | | ne 
Truss || buratonafProgemOperation +d es | wos | os | 05 | us | 
wnane | | buraionctEtese perion ——SSSS*i as eos fos ros | ms 
wer | tex [Wie treble HightoOnpenabonign So | fo | 
won| won [Whit Enable HightoWitEnabetow +o | [ao || 
a 


tWHGL 


: ee 
wor | er [Adesso dais Oupst Sis | 200 | ne 
aor | tea [np enatioLowio ouput Tarsus spo | fo] | 
aor | tee | hip nate Lowe ouputvats aso | 00 | ne 
jaar | tear | Out ErablotowioOuputranstin [oe] [ol] | _ 
iar | toe | Ouputtrebe tow wOupvaid Sd we | wo |e 
ies ™ | tor | chp nate righ oupuez ss | oo |e 
Piece | tor [out EnbioHich to ouputriz SSS os | wo ee 
two | tor [actress tanstiontoouputrersion tet [el [-_ 


Notes: 1. Sampled only, not 100% tested = es, 
2 AWrite is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 


: 11/15 
yf BSc. — 
209 


M28F256 


Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms 
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Figure 10. Erasing Flowchart 
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PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programs all bytes to OOh in order to 
ensure uniform erasure. The programming follows 
the Presto F Programming Algorithm (see below). 
Erase is set-up by writing 20h to the command 
register, the erasure is started by repeating this 
write cycle. Erase Verify is set-up by writing OAOh 
to the command register together with the address 
of the byte to be verified. The subsequent read 
cycle reads the data which is compared to OFFh. 
Erase Verify begins at address 0000h and contin- 
ues to the last address or until the comparison of 
the data to OFFh fails. If this occurs, the address of 
the last byte checked is stored and a new Erase 
operation performed. Erase Verify then continues 
from the address of the stored location. 


Figure 11. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 100s programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


Example: M28F256 -10 X B 1 


[t 


Temperature Range 


-10 100 ns X +:5% B  PDIP32 1 Oto70°C 
-12 120 ns blank + 10% CG PLOC32 3 -40to 125°C 
-15 150 ns 6 -40 to 85°C 
-20 200 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CMOS 256K (82K x 8) FLASH MEMORY 


= FAST ACCESS TIME: 100ns 
a LOW POWER CONSUMPTION 
— Standby Current: 200A Max 
= 10,000 ERASE/PROGRAM CYCLES 
# 12V PROGRAMMING VOLTAGE 


= TYPICAL BYTE PROGRAMING TIME 10us 
(PRESTO F ALGORITHM) 


= ELECTRICAL CHIP ERASE IN 1s RANGE PDIP32 (B) PLCC32 (C) 


» INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


Figure 1. Logic Diagram 


DESCRIPTION 


The M28F256A FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 32K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F256A FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


K -» DQO0—-DQ7 
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Table 1. Signal Names 
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Output Enable 


Write Enable 


Vpp Program Supply 


Supply Voltage 


Ground 


May 1992 z 4/15 
es 
265 


M28F256A 


Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


grade 1 
grade 3 
grade 6 


[vo [ptr ouptvotages ———SSCSCS~dSCti‘t 
[vw [revotage——SSSSC=“~*‘“~*~*dSCSC*~it Sd 


Program Supply Voltage, during Erase 
or Programming 


Figure 2B. LCC Pin Connections 


M28F 256A 


VAO06B1 


—40 to 85 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the S@S-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The M28F256A FLASH MEMORY employs a tech- 
nology similar to a 256K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


2/15 IST SGS-THO 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F256A func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don’t care. 


Read Mode. The M28F256A has two enable in- 
puts, E and G, both of which must be Low in order 
to output data from the memory. The Chip Enable 
(E) is the power control and should be used for 
device selection. Output Enable (G) is the output 
control and should be used to gate data on to the 
output, independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200uA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line AQ with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “) 


Read Only 


Standby 


Read/Write ° 


Note: 1. X= Vicor Vin 
2. Refer also to the Command Table 


[| ve | operon | 
Se 
oupuioeave [ve [Vm 

[sandy | we [x | x [x | wz 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


|e | wio| as | pao-pa | 


pve | x | we 
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Table 4. Electronic Signature 


Table 5. Commands ") 


Note: 1. X= Vicor Vin 


READ/WRITE MODES (cont'd) 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 


[wenter | 00 | var | vas | vas | oe | vas | vez | vai | vce | Hox baa 
Ttenvacwerscaae [vu fo fofifolol[olol]o| an 
Poevcocee tv ti tofifolifol+]o | om 


1st Cycle 


Cycles 
aoata | DaoDa7 ao-ata | paoDa7 
ee aa eee 


i 
| sm | Bat 0000h 


X 
Electronic 


ie | —a 


X 


2nd Cycle 


20h 
20h 


apply a high voltage to AQ when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 0000h or 
0001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
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READ/WRITE MODES (cont'd) 


edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance (Ta = 25 °C, f= 1 MHz) 


Input Capacitance 


which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Output Capacitance 


Note: this parameter is sampled only and not tested100% 
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Table 7. DC Characteristics 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V +5% or Voc = 5V + 10%) 


symbol Test Condition 


Input Leakage Current OV < Vins Voc 


[InputLeakage Current 

OV < Vour < Veo 

E = Vu, f= 6MHz 

E= Vi 

E =Voo#0.2V 

loca During Programming 

locs | During Verify 
. During Erasure 


30 mA 


3 
> 


tu 

lLo 
loc 
CCt 


> 


ie) 
fan) 


loca 


1) 
1) 
) 


1 


; 
a i 


) Program Current (Program 


Ippo" Verify) Vpp = Vppu, During Verify a 


Vep=VeeH, During Erase Verity | | 5 | mA_ 
| Vu _| InputLowvottage | | || 
Vy, [iputHigh Voltage TTL | co 05 | | 
|InputHighVoltagecMOS | Vee | Veo 05 | VI 
vo. | oupittowvotage | —_lo. = S8mA(grade)__}_{_o4_|_V_ 
lo. = 2.1mA (grades 3 & 6) Pos 

lon = ~100A ee a ae 

| lon=-2.5mA(grade 1) | Voo-0.8 | | 

( ) 


Supply Current (Erase Verify) During Erase Verify 

Ver < Voo A 
Program Current (Read or Vpp > Vcc 200 

pe Standby) Vpp $ Voc 

Program Current (Programming) Vpp = VppuH, During Programming 


30 
) 


m 
m 


A 
A 
mA 


VpPt Operations) 


V Program Voltage (Read/Write 
PPH | Operations 


) 
AQ Voltage (Electronic Signature 


a 
AQ Current (Electronic Signature) poe Vipigiates! p00 | 
7a =Va (gree 388) | | 00 | ya 
V 


Supply Voltage, Erase/Program 25 
Lock-out 


Note: 1. Not 100% Tested. Characterisation Data available 


Output High Voltage TTL lon = —2.5mA 2.4 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, -40 to 125 °C; Voc = 5V + 10%; OV < Vpp< 6.5V) 


M28F256A 
Symbol Parameter 


[Min | Max | min | Mex | 
ie} eet ee ine —_} eat i |e 
| twvov E=viG=ve | | 100 | | 120 | as | 


t Chip Enable Low to Output = 
evox | mg Coe a - 


eed | tce | Chip Enable Low to Output Valid Enable Low to Output Valid Sav fe) 


t t Output Enable Low to Output 
tax | Ol2 | Transition 


See ey 
nn a 
| taviz™ | tor | Output Enable Highto Output iz | E=ve_ | o | 30 | 0 | 90 | ns | 


Address Transition to Output Ec. a 


Note: 1. Sampled only, not 100% tested 


Test Condition 


ia : @| 
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Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F256A 


[Min | Max | nin | Max | 
net Beadepee re ———_—_} Esvaae eae 
| twvov [E-VuG=ve | | 150 ea 


t Chip Enable Low to Output a 
ELOX | al eee 7 


| teray | tce | Chip Enable Low to Output Valid _| Enable Low to Output Valid | eee to |_| | 200 | 


t t Output Enable Low to Output 
atax " OlZ | Transition 


ecto ee ee ee 
res" |“ Joroaenpecmns | eu tateteTete 
Pace | | 40 | ns 


roa Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or Vcc = 5V 410%: Vpp=12V 


) 
M28F256A 
Symbol Parameter 


| tone | | Vpp High to Chip Enable Low 
Write Cycle Time 


o}]rp {| a ra =e 
we) we) 


— 
O 
© 


100 
100 


— 
No 
oO 


Address Valid to Write Enable Low 
Write Enable Low to Address Transition 


tWLAX 


Chip Enable Low to Write Enable Low 


tan _| i 

tes _| 

[town | 

[town | tos_| Input Valid to Write Enable High 

| twuvet_| tw _| Write Enable Low to Write Enable High (Write Pulse) 

| tacn® | | Chip Enable Low to Chip Enable High (Write Pulse) 
[ton _| we 
— 
[ton _| 
wen _| 
i) 


+— |2 IN oa NO 
oO;}oO;o oO co) 


ofA TA = = 


Output Enable High to Write Enable Low 


Write Enable High to Input Transition 
Duration of Program Operation 
| twawne |_| Duration of Erase Operation 


ce) 
o1 


Write Enable High to Chip Enable High 


tweH | Write Enable High to Write Enable Low 

Write Enable High to Output Enable Low 

Addess Valid to data Output 

Chip Enable Low to Output Transition 

| tay | toe i 

Output Enable Low to Output Transition 

| trav | toe | Output Enable Low to Output Valid 

Chip Enable High to Output Hi-Z 
! tcwoz™ | tor Output Enable High to Output Hi-Z 


Address Transition to Output Transition ; 


Notes: 1. Sampled only, not 100% tested = geal 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 


=) 
n 


Chip Enable Low to Output Valid 


taH 
tcs 
tos 
twe 
toH 
tcH 
tce 
toe 
toF 

OH 


NO oR ae ie ol Ww) 
oO m}ololflo ro) oO 


oO 


10/15 - 
SS ky SGS“THOMSON 
274 


M28F256A 


Table 9B. Read/Write Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or Veco = SV + 10%: Vpp = 12V) 


™ pep ome Fa 
Pate [wax] [oe 
a or 


wma | [Wertighwoupenanctow =i too | too] | oe 
mine | ne | Wite cetine aso | amo || 
two | ve | Aes Vado wteerasotew Si o | po | te 
wax | wr | Wit EnabioLowie Adress arson ‘| co | | | | 1s 
im | tes [OhpEnatietowio WiteEnaietow ao | | |e 

[[ouputerabeighio rie crabouw ——~iPo | fo] | ws 
Tics [putas to wie Enable ign so | sos 
os 
a 


a 
n 


tcs 
tos 
i 
tox 
twwwnn |__| Duration of Program Operation 
twame |__| Duration of Erase Operation | 85 
tic 


=_— 
‘s) 
< 
= 
Ea 


— | | SY 

oO |oO (mn) 
a 
(a) 
a 
fp) 


Notes: 1. Sampled only, not 100% tested = oz 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms 
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Figure 10. Erasing Flowchart 
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Limit: 1000 at grades 1 & 6; 6000 at grade 3. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to OOh in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 


Figure 11. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


Example: M28F256A -10 X B 1 


Temperature Range 


-10 100 ns X + 5% B  PDIP32 1 Oto 70°C 
-12 120 ns blank + 10% C PLCC32 3 —40to 125°C 
-15 150 ns 6 -40to 85°C 
-20 200 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CMOS 512K (64K x 8) FLASH MEMORY 


m FAST ACCESS TIME: 100ns 

=» LOW POWER CONSUMPTION 
— Standby Current: 200uA Max 

=» 10,000 ERASE/PROGRAM CYCLES 

# 12V PROGRAMMING VOLTAGE 

» TYPICAL BYTE PROGRAMMING TIME 10us 
(PRESTO F ALGORITHM) 

=» ELECTRICAL CHIP ERASE IN 1s RANGE 


®# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


DESCRIPTION 


The M28F512 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 64K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F512 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


Address Inputs 
Data Inputs / Outputs 


Chip Enable 
Output Enable 


Write Enable 


Vpp Program Supply 


May 1992 


1 


PDIP32 (B) PLCC32 (C) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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M28F512 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


= | Ambient Operating Temperature 


Input or Output Voltages 


symbol | Parameter, =| = Value =| Unit 
TA 


grade 1 


grade 3 
grade 6 


Storage Temperature —65 to 150 ° 


Sea: ae, 
| Vo _| Aa Voltage 060135 | 


Program Supply Voltage, during Erase 
or Programming 


Figure 2B. LCC Pin Connections 


M28F 512 


VA00550 


Warning: NC = No Connection 


0 to 70 
—40 to 125 °C 
—40 to 85 


0.6107 Ld 


C 
V 
V 
V 
V 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the S@S-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The M28F512 FLASH MEMORY employs a tech- 
nology similar to a 512K EPROM but adds to the 
device functionality by providing electrical erasure 
and programming. These functions are managed 
by a command register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 


command register is disabled and M28F512 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. !n the 
Standby Mode this input is ‘don’t care’. 


Read Mode. The M28F512 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
200uA. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “) 


Read Only VPPL Read 


Note: 1. X=Vicor Vin 
2 Refer also to the Command Table 


[| ve | opemion [© [| @ | W | #0 | vco-var_ 
[sandy | vw | x | x | x | we 
Electronic Signature CSS See 
ee Teel eee 
a 
[sandy | ww | x |x | x 
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READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tenis of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman4<d, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
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Table 4. Electronic Signature 


Table 5. Commands ") 


1st Cycle 


[denier a0 | var | vas | vas | voe | vas | vas | var | 000 | vera 
Tieniscwrerscae | we | of ols fo}ofo[o[o | mm 
Poevce coe ww fo fo fe lelefel[1,o] 


2nd Cycle 


Command Cycles 
—- = a7 ao-ais | Da0-Da7 


= Wit 


Setup Erase/ 


000h a 
ie wt 
| Read | | oooth | 02h 


Erase 


Setup Program/ 


Program 


Note: 1 X=Vicor Vin 


READ/WRITE MODES (cont'd) 


Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


4/16 ky SGS-TH 


Petey 
ea 


OAOh Read Data Output 


seniee | ana 
— 


40h 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 0000h or 
O001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 


OMSON 
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READ/WRITE MODES (cont'd) 


followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 
command to the command register (for example 
Program or Reset). 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Note: this parameter is sampled only and not tested100% 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vec = 5V + 10%) 


| Symbol | _____—Parameter_— | TestCondition ——|_—sMin_ | Max | Unit | 
|u| inputLeakage Curent | OVS VinsVeo | | tp 
| ko | Output Leakage Current | OV VoursVeo | | ttn 
E = Vu. f= 6MHz | 0a 

| Supply Current (Standby) CMOS | E=Vocz02v | | 200 | 
| teca | Supply Current (Programming) | During Programming | |_| mA 
| tcos" | Supply Current (Program Verity) |__———Duringverty |_| 80 | 
| leca | Supply Current(Erase) | DuringErasure || 15 | mA 
| cos | Supply Current (Erase Verify) | __—DuringErase Verity |_| 30 mA 
| tee | Program Leakage Current | VesVoo =| S| tt |g 
te Program Current (Read or 


pia 
Program Current (Programming) Vpp = VppuH, During Programming 


| Vu __[inputlowVoltage | CE | | 
DE SSS ee 
InputHighVotagecMos | | Vo | Voor 05 | Vv 
lo=21mA(grade3a6) | | 045 | v | 

| ton =toova | at | 

ie. || OUPuUnenNeMRge MOS; fn. VeweetmA 2 | Meeea |. |v 
loH = —2.5mA (grade 1) |Voo-08 | | VV 


er ee 
Program Voltage (Read 
Program Voltage (Read/Write 
AQ Voltage (Electronic Signature) | ||| 
AQ Current (Electronic Signature) |__AD= Vio =| S| 200 | 


Supply Voltage, Erase/Program 


Note: 1. Not 100% Tested. Characterisation Data available. 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —-40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F512 
Symbol Parameter 


[Min | Max | win | Max 
tem _| tee_[ Reet cyte te _| SavisGinve { too |__| van {|_| om 
te tes tree abt ae Eaten |_| nop oa 


(1) Chip Enable Low to Output 


ea fe foemcmesienae amt bP a 


t Output Enable Low to Output 
Lax Transition 


ne 
ce 


Test Condition 


ef ee 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C, -40 to 125 °C; Voc = 5V + 10%; OV < Vpp < 6.5V) 


M28F512 


e-u.G-m | [a fae 


t Chip Enable Low to Output - 
ELOX | a. anaaeee | 7 


| tetov | | tce | Chip Enable Low to Output Valid | Enable Low to Output Valid | Gevw fd t50 | | 200 


t Output Enable Low to Output 
tax | Transition 


Se ee A i 
eet eee ee eet 
ee SO 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —-40 to 85 °C or —40 to 125 °C; Voc = 5V 45% or 5V + 10%) 


Symbol 


t 
| tartare: | 
Cao 
s__| Input Validto Write Enable High | 50 | 
[Input Valid to Chip EnableHigh | 50 | 
twos | twe | Write Enable Low to Write Enable High (Write Pulse) | 60 | 
| Chip Enable Low to Chip Enable High (Write Pulse) | 70 |_| 

Loo 

= 

feed 


M28F512 


” i?) ” n io?) 


Parameter 


Vpp High to Chip Enable Low 
Vpp High to Write Enable Low 


Ne) — 
(ep) as — 


Cc Write Cycle Time 
Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


w 
tas 

taH Write Enable Low to Address Transition 
tc 

to 


Chip Enable Low to Address Transition 
S Chip Enable Low to Write Enable Low 
Write Enable Low to Chip Enable Low 


Output Enable High to Write Enable Low 


Output Enable High to Chip Enable Low ee 


n 


op) 


=) 


=) S =) =) 3 
n ” wo n 


ton 
9.5 
| |_ms_| 
tc_| Write Enable High to Chip Enable High | | | 0 | | ns_| 
[Chip Enable High to Write EnableHigh | | | | 
twew | Write Enable HightoWrteEnableLow | 20 | | 20 | | ons 
| Chip Enable High to Chip EnableLow | 20 | | 20 | ons 
[Write Enable High to Ouputenabietow «| 6 | | 6 | | as 
[Chip Enable High to OutputEnableLow ss || 6 | | 6 || ons 
tnoc_| Addess Valid todataOuput | | too | | 120 | ns 
tiz_| Chip Enable Lowto Output Transition | oF | | oo | | ons 

toz_| Chip Enable Lowto Output Vaid | 
towz_| Output Enable Low to Output Transition | 
toe _| Output Enable Lowto Output Vaid | 
| Chip Enable High to OutputHieZ 
(1) to [a 
LAO 


F Output Enable High to Output Hi-Z 
tou Address Transition to Output Transition 


Notes: 1. Sampled only, not 100% tested = ee 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W). When Write is controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform. 


10/16 ” 
— + yy 38S TGnson 


M28F512 


Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 5% or 5V + 10%) 


femme] | me ea 
[win | tax | nin | Max | 


wma | [Veerightochperaneuew ——SS—~i tT tT 
Tian | | Veotighto Wite Enable tow Sit | tt || 
inn [tus [Adress Vaidto Wite Enabistow ————SSS~d 
T twee | | Adress Vall to Chip Enabieuow Sito 
war | tow | Wt Enable Low to Adress Tanson ‘| 60 | 
tam | | chip Enabie Low to Adress Tanstin =i eo | 
tam | tes | chip Enable Low io Wite EnabioLow ———«d 20 | 
ime |__| Wite Enable Low to Grp EnableLow =i 0 | 
ican || Output Erabe High o WiteErabietow ——~([o | 
ier | | OutputErabieHighto Chip Erabiouow +o | | 0 
we | tee | input Vaid to White Enable igh S| so 
oven || nut Vaio hip Enable High ————SSSS~d so | 
ant | we | Wt Enabe Low to Wie Enable Figh (ite Puse) | 60 | 
teen | | chip Enable Low io hip Enable High (We Puss) | 70 | 
Tox | tow | Wie Enable High to mputTanstin S10 
tex |_| chip Enabe Hight input ansiton _——————* 0 
Tne [| Duration of Progam Operon SSCs 


ns 


3 | 5D 
n 1M 


NO 
(=) 
n i¢p) ” ” n 


ns 


ns 


3 
wn 


=) 
” 


an 
© O fur} ]wy 
on n}jo!;}o]o 


ico) 
Oo 


nln |(n |n [oH 


| Wie Enable High o Chip Enabiovigh do 
iow | [Chip Enable High o Wee Enablo igh 
wick | | te Enabie High o Output Enable tow da 
Tener | | ip nate High o Ouput erate ow |e | 
a 
Tox” [tz | Chip Enable tonic OupuTaatin po] re 
Ttaov | tee | chip Enable tow te Ouputvats |e | 200 [as 
Fisuox"™ | tou | Ouput rave tow to OupuTerstion =i | fo | | 
Tov | toe | OupuerabetowioOuputvaia Sd a wo |e 
Tiesoz"™ | [hip erate Hight Ourgtnvz ds | Poo | 
iesar™ | tor | Ouput enable tight ouput 0 | 
Twxox [ton | Aes Tansiionto uputtiansiin ‘te | [ol | 


Notes: 1. Sampled only, not 100% tested = _ 
2. A Write is enabled by a valid combination of Chip Enable (E) and Write Enable (W) When Write ts controlled by Chip Enable 
(with a Chip Enable pulse width smaller than Write Enable), all timings should be measured relative to Chip Enable waveform 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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READ COMMAND 


Vpp < 6.5V, PASS 
VA00677 


Limit: 1000 at grades 1 & 6; 6000 at grade 3. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
‘OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 


M28F512 


Figure 12. Programming Flowchart 
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FRASE VERIFY 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


Example: M28F512 -12 X C 3 


Sp 
-10 100 ns X + 5% B PDIP32 1 Oto 70°C 
-12 120 ns blank + 10% C PLCC32 3. -40to 125°C 
-15 150 ns 6 -40to 85°C 
-20 200 ns 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CMOS 1 Megabit (128K x 8) FLASH MEMORY 


ADVANCE DATA 


» FAST ACCESS TIME: 100ns 
=» LOW POWER CONSUMPTION 
— Standby Current: 100nA Max 
= 10,000 ERASE/PROGRAM CYCLES 
» 12V PROGRAMMING VOLTAGE 


a» TYPICAL BYTE PROGRAMING TIME 10us 
(PRESTO F ALGORITHM) 


=» ELECTRICAL CHIP ERASE IN 1s RANGE PLOC32 (K) 


# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


PTSO32 (N) 
8 x 20 mm 


DESCRIPTION 


The M28F101 FLASH MEMORY is a non-volatile Figure 1. Logic Diagram 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 128K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F101 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. KY DQ0—-DQ7 


Table 1. Signal Names M28F 101 


AO -A16 Address Inputs 
DQO - DQ7 Data Inputs / Outputs 


VA0O666 


Supply Voltage 


May 1992 1/16 


This is advance information on a new product now in development or undergoing evaluation. Details are subject to change without notice 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 
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Warning: NC = No Connection Warning: NC = No Connection 


Figure 2C. PTSO Pin Connections Figure 2D. PTSO Reverse Pin Connections 
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Table 2. Absolute Maximum Ratings 


Symbol 


Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 
| Tete Storage Temperature —65 to 150 
Vio Input or Output Voltages —0.6 to7 — 
tal ae Voltage —0.6 to 7 el 
| Vag «A fAgVotage = ee s—<CsCSY —0.6 to 13.5 — 


Program Supply Voltage, during Erase x 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F101 FLASH MEMORY employs a tech- 
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era- 
sure and programming. These functions are man- 
aged by acommand register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F 101 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 


READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is don’t care. 


Read Mode. The M28F101 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 


impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 


(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpr is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


- 3/16 
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Table 3. Operations “) 


|| vee | Operation | |G 
ReadOnly | Ven | Read | Mu | Me 
| Outputoisable | Ve | Vn 
| Stancby | vm |X 
[Electronic Signature | Vn | Vu _| 
pve | Me 
ae 
a 
pve |X 


| a9 | pa0-paz 
Data Output 


Read/Write | Vppx 
Note: 1. X= Vit or Vin 


2. Refer also to the Command Table 


Vit Pulse 


ae 
a 
| Vo | 
| As | Data Output _ 
| as | 
Le | 
Le! 


x 


Table 4. Electronic Signature 


Manufacturer’s Code Vit 
[Devi Code | Yn 


Table 5. Commands ") 


1st Cycle 2nd Cycle 
setae icseies y 
a ae A16 =< DQ7 A0-A16 DQ0-DQ7 


Read | Write | 


chs ee OR 
pst te pete 
[reed | eocotn [orm 
pare te tee a 


Note: 1. X=Vior Vin 


Electronic 
Signature 
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READ/WRITE MODES (cont'd) 


Awrite to the command register is made by bringing 
W Low while E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. All command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


Symbol 
Input Capacitance 
Output Capacitance 


Note: this parameter is sampled only and not tested100% 


M28F101 


internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 00000h or 
00001h, output the manufacturer or device type 
codes. The command is terminated by writing an- 
other valid command to the command register (for 
example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 


TES. eee C= 0Cbr 


1 


C, includes JIG capacitance 
VA00828 


Test Condition 
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Table 7. DC Characteristics 
Ta = 0 to 70 °C, —-40 to 85 °C or —40 to 125 °C; Vcc = 5V + 5% or 5V + 10%) 
Test Condition 
OV < Vin < Voc 
Output Leakage Current OV < Vout ¥ Vcc 


| Ico | Supply Current (Read) E = Vi, f = 6MHz 


Parameter 


Input Leakage Current 


= 
Oo 


( 
lu 
lLo 
loc 
s, Supply Current (Standby) TTL _ E=Vin 
Supply Current (Standby) CMOS E = Vcc +0.2V 


lec | Supply Current (Programming) puting i uramining (giade' 6 6) 
During Programming (grade 3) 

log |) Supply Current (Program Verify) During Verily (grade 1 & 6) 

During Verify (grade 3) 
log Supply Current (Erase) During Erasure (grade 1 & 6) 
During Erasure (grade 3) 

loos | Supply Current (Erase Verify) During Erase Verify (grade 1 & 6) 

During Erase Verify (grade 3) 


Program Leakage Current Vpp § Voc 
Program Current (Read or Vpp > Vcc 
Standby) Ver < Voc 


lpPi Program Current (Programming) Vpp = VppH, During Programming 


1) 
(1) 
1) 
1) 
) 


3 Et I3s j3 Je le 


B 
> 


pe) 
ro) 
ro) 
= 
> 


Program Current (Erase) Vpp = Vppu, During Erase 
Program Current (Erase Verify) Vpp = Vppu, During Erase Verify 


Gram Curentelecrnc | Age Ve aad 9 oni 


Input Low Voltage 


Vi Input High Voltage TTL 
Input High Voltage CMOS 

VoL 

Vou 


- 
B 
> 


—0.5 


0.7 Veo 


lo. = 5.8mA (grade 1) 
lo. = 2.1mA (grades 3 & 6) 
lon = —100nA 
loH = —2.5mMA 
lon = —2.5mA 


Output Low Voltage 


we) 

ce Output High Voltage CMOS 
Output High Voltage TTL 

eT (Read 

ee (Read/Write 


AQ Voltage (Electronic Signature) 
AQ Current (Electronic Signature) 
L 


V Supply Voltage, Erase/Program 
we Lock-out 


Note: 1. Not 100% Tested Characterisation Data available 


& 


A9 = Vip 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Veo = 5V 45% or 5V + 10%; OV < Vpp < 6.5V) 


M28F101 
Symbol Parameter 


ene 


oe wets High to Output 


|_taw | two | Readcycletime | E=vuG=vu | 100 | | 120 | 
se [fever fees} bette 


Chip Enable Low to Output _ 


teLav | tce | Chip Enable Low to Output Valid _| Enable Low to Output Valid | Gevw ff too | | 120, 


t t Output Enable Low to Output 
atox | OlZ | Transition 


eee ee es a 
| tenoz |__| Chip Enable High to Output HiZ 55 | ns | 
ron” [er Jowimaenmnomier| en Te [oe ae 


Address Transition to Output 


Note: 1 Sampled only, not 100% tested 


Test Condition 


y 
ae 
on 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Voc = 5V + 5% or 5V + 10%; OV < Vpp < 6.5V) 


M28F101 
Symbol Parameter a 


Write Enable High to Output 
tm | Enable Low ele 


| tw | tac | Readcycletme | E=VnG=vn | 150] | 200] | rs | 
= (150 | | 200 | ns _ 


VirG=Vn | 
wiamervroort [oem fo] fet fe 


| trey _| | tce | Chip Enable Low to Output Valid _| Enable Low to Output Valid ae ee ee | 200 | 


reef fase [ew fo fof Le 
ransition 

eu Soe Output Enable Low to Output Valid}  E=Vi | E= ae ee ee 
rot eeemnamnomes | eon [ete tate le 
Real ay ee eee Be 


Sane! Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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READ/WRITE MODES (cont'd) 


to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 


(00000h—00001hy 


—= 
MANUFACTURER 
OR DEVICE 


VAQ0873 


command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 


SON. 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V+5% or 5V + 10%) 


— 3 j5 Ss 3 [SE TC 
n 1wn n ” ” 
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Symbol Parameter 


1 
om, 
(an) 
1 
ok 
NO 


Vpp High to Chip Enable Low 
Vpp High to Write Enable Low 
twc Write Cycle Time 100 
tas Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


30 
a 
Write Enable Low to Address Transition | 60 | 
| 80_| 


tVPHEL 


ok 
NO 
© 


tvPHWL 


n 


tWHWH3 


tAaVWL 


=) 
n 


tAVEL 


JS 
ie?) 


tWLAX taH 


Chip Enable Low to Address Transition 
Chip Enable Low to Write Enable Low ie a 
Write Enable Low to Chip Enable Low G53 | 
Output Enable High to Write Enable Low ra 


Output Enable High to Chip Enable Low | eed 


tELAX 


tELWL tcs 


—] 
” 


tWLEL 


to 
2) 


{tGHWL 


Oyurfu]~y ora NO 
m}o;o!;o oO };oO © 


oO 


tWHWH2 


Duration of Erase Operation 9.5 iL 9. 


foes 
[Chip Enable High to Write Enable High || 
wer 
[Chip Enable High to Chip Enable Low | 20 | 
[Write Enable High to Output Enable Low | 6 | 
= 
100 


Chip Enable Low to Output Transition = 


Em 

a 

eae 
[Chip Enable Low to Output Vaid || 100 | 
[Output Enable Low to Output Transition | | 

i 

i = 

tel 

God 


wn 


tWHEH 


tEHWH 


ars ae 
aati a es 
a? i i 
wm | os | mut Vaid to Wite Enable High _———~S~ S| go | 
oven | [input Valdto Chip Enae High SS so | se 
inom | twp | Wt Enable Low o Wie Enabo High (ite Puss) | 60 || 60 | 
ixru | __ [Chip Enable Low to Chip Enable igh Write Puse) | 70 | | 7 | _ 
wor | tow | Wrie Enable High tout Tension == to | pt |e 
ox |__| Chip Enable Hight nput Tension Si 10 | | 10 | 
wwans |_| Duration of Program Operation _———SC~i as |p as | 
ion | [Duration of rogram Operaion ——~S~s ats | pas | 
Tora 3 = 
if 


” 


tWHWL 


” 


tEHEL 


=) =) =) Cc TS =) =) 


Nh | PO 
O;o 


on wn — — 
NO ine) 


tWHGL Ll 


tEHGL 


=) 


tavav tacc | Addess Valid to data Output S 


teLax | Ss 


pam} 
wn 


) 
tELAV 
(1) 

) 


tGLax 


is 


ie) 
oO 
a) 
n 


ns 


Output Enable Low to Output Valid 
Chip Enable High to Output Hi-Z | 40 | 
Output Enable High to Output Hi-Z | 30 | 


Address Transition to Output Transition i 


teLav 


teHoz " 


(1) 


a 
oO 
=) 
” 


i) 
Oo 


tiz 
Ice 
to.z 
toe 
tGHOZ tbF 
tou 


pa) 
n 


taxax 


n wn 


Note: 1. Sampled only, not 100% tested 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V 45% or 5V + 10%) 


jemee | me | me eae 
rj min | 
Ee 


| type. | | VppHightoChipEnableLlow == sid Vpp High to Chip Enable Low Sous 
=e eae = Ae GC 
| twawio | twe | Writecycletime i t50 | | 200 | ns 
| town | _tas_| Address Validto Write EnableLlow | co | | ||| 
| twa |__| Address Validto ChipEnablelow | | | ot || 
| tmax | tan | Write Enable Lowto Address Transition | co | | 75 | ns 
Ee ee 
| ew | tos _| Chip Enable Low to Write EnableLow | 20 |_| 20 | |_| 
wus. || Wit rao towio Chip Empetow Po | Po || 
| town |__| Output Enable High toWrite EnableLow | 0 | | oo | ns | 
| tov |__| OutputEnable High to Chip EnableLow | 0 | | oo | | ns 
| town | tos | input Valid to Write EnableHigh | 80 | | 50 | ns 
| toven |__| Input Valid to Chip Enable High | 50 || 50 || 
| tw | twe | Write Enable Low to Write Enable High (Write Pulse) | 60 | | 60 | | _ns_| 
Se ee ee 
tWHDXx | ton | Write Enable High to Input Transition | 40 | 
| tewox |__| Chip Enable Highto Input Transition | 40 | | to | |_| 


twawir | | Duration of Program Operation sf 5 | fo || is | 
| tener | | Duration of Program Operation | 8S | 


ross 
Twwanz | | Duration efErase Operon —=—SS~id ws |e | me 
nen | tow | We Enable High to Chip Enable High 0 | 0 | | 
tenn [| chip Enable High to Wie Enable High So | po | dn 
wan. [tara | Wie Enable High toWite Enabletow + 0 | | 20 | | ns 
tous |_| Chip EnabeHigho hip Enable Low +L ao | 20 | ds 
Timar || Wits Enabe High o Out Enable tow dw |e | as 
tex | | Chi Enabie High o Output Enabiotow ‘6 | be] | us 
wav | ce [Asess Valdtoceia Gupte) ao] ne 
Tax" [uz | Chip enable wie Oupu Train Sto | Po] | ne 
tsar | tee | ChipEnebie wie Ouputvaid Sim | aa | rs 
Piawox'™ | tour | Ouput Grebe Low o OuputTienstion | o | [o] | ns 
T taor | toe | Ouputtnabiotowiouputvals SiS as || | 
Views || Chipenable Hoh to Ouptiz ———S—~SCi as | | 
Poss” | er [ouput ne cupatiez IPs [Pa 
toe | ton [Adress TanstiontoouputTransion sito | to | | ne 


Note: 1. Sampled only, not 100% tested 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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Limit: 1000 at grade 1; 6000 at grades 3 & 6. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


Example: M28F101 -100 X N 1 R 


“yy 


X 


Temperature Range 


-100 100 ns + 5% P PDIP32 | 0 to 70°C R Reverse 
420  120ns blank + 10% K PLCC32 3 40 to 125°C ae 
150 150ns N PTSO32 6 -40t0 85°C 


-200 200 ns 8x20 mm 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CMOS 1 Megabit (64K x 16) FLASH MEMORY 


ADVANCE DATA 


=» FAST ACCESS TIME: 100ns 
» LOW POWER CONSUMPTION 
— Standby Current: 100uA Max 
# 10,000 ERASE/PROGRAM CYCLES 
# 12V PROGRAMMING VOLTAGE 


= TYPICAL BYTE PROGRAMMING TIME 10us 
(PRESTO F ALGORITHM) 


=» ELECTRICAL CHIP ERASE IN 1s RANGE 


# INTEGRATED ERASE/PROGRAM-STOP 
TIMER 


DESCRIPTION 


The M28F102 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed word-by-word. It is 
organised as 64K words of 16 bits. It uses a com- 
mand register architecture to select the operating 
modes and thus provides a simple microprocessor 
interface. The M28F102 FLASH MEMORY is suit- 
able for applications where the memory has to be 
reprogrammed in the equipment. The access time 
of 100ns makes the device suitable for use in high 
speed microprocessor systems. 


Table 1. Signal Names 


Address Inputs 


Data Inputs / Outputs 
Chip Enable 


Output Enable 


Write Enable 


Program Supply 


Supply Voltage 


Ground 


May 1992 


PDIP40 (P) PLOC44 (K) 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Warning: NC = No Connection 


Table 2. Absolute Maximum Ratings 


Input or Output Voltages 


Figure 2B. LCC Pin Connections 


M28F102 


0 to 70 
—40 to 125 
—40 to 85 


grade 1 
grade 3 
grade 6 


Storage Temperature —65 to 150 


—0.6 to 7 


Supply Voltage —0.6 to 7 
A9 Voltage —0.6 to 13.5 


Program Supply Voltage, during Erase 


or Programming 


—0.6 to 14 


Note: Except for the rating "Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DEVICE OPERATION 


The M28F102 FLASH MEMORY employs a tech- 
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era- 
sure and programming. These functions are man- 
aged by acommand register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 


input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and M28F 102 func- 
tions as a read only memory providing operating 
modes similar to an EPROM (Read, Output Dis- 
able, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command regsiter 
is enabled and this provides, in addition, Erase and 
Program operations. 
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READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
Standby Mode this input is ’don’t care’. 


Read Mode. The M28F102 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 
independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 50mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When inthe Standby Mode the outputs are in a high 
impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 
(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device type code. 
All other address lines should be maintained Low 
while reading the codes. 


Table 3. Operations “) 


| ve | Operation 
ReadOnly | Vert 
Output Disable 


Electronic Signature 


Read/Write °) 


Note: 1. X= Vicor Vin 
2. Refer also to the Command Table 


one 
| ve 
pv | : 
| Standby | vm fox | x |x | 
pe 
fe ee! 


re a 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the command, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 0000h, thus automatically setting-up Read oper- 
ations. In addition a specific command may be 
used to set the command register to 0000h for 
reading the memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. Allcommand register access is inhibited when 


|e | w | as | bao-pars 
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Table 4. Electronic Signature 


Table 5. Commands ") 


1st Cycle 


Setup Erase/ 


Erase 


Setup Program/ 


Program 


Reset 


Note: 1. X=VitcorVin 


READ/WRITE MODES (cont'd) 


Vcc falls below the Erase/Write Lockout Voltage 
(VLKo) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 
internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 0000h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


4/16 ky SGS-THO 


ee Da1s-Das per | pec] por | nog [pos eer ber [a0 | Hex Data | 


Rees Pata ta tciat a that ee 


command | cycles|_—____*tCvele | andycle 
Ao-Ats | Da0-DaIs Seater | An Da0.Dars 
5 Se 


seme ffm le 
wie [x [om 
OED snes coven) Comet eo 
es eee 
wie [x [oom fT 
ee a 
eae ee ee | 
[2 [wate [x | oreren [wate [x | orrrrh 


2nd Cycle 


0000h 


aooih | 0080h 


Data Output 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to AQ when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 0090h to the command register. 
The following read cycle, with address inputs 
0000h or 0001h, output the manufacturer or device 
type codes. The command is terminated by writing 
another valid command to the command register 
(for example Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to OO0Oh, the 
Erase command then erases them to OFFFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFFFh. 


The Erase Mode is set-up by writing 0020h to the 
command register. The write cycle is then repeated 
to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
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READ/WRITE MODES (cont'd) 


followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OOAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OOAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFFFh, an- 
other Erase operation is performed and verification 
continues from the address of the last verified byte. 
The command is terminated by writing another 
valid command to the command register (for exam- 
ple Program or Reset). 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA00827 


Table 6. Capacitance (Ta = 25 °C, f= 1 MHz) 


M28F102 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
secind cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OOCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFFFh to 
the command register. The command should be 
followed by writing a valid command to the the 
command register (for example Read). 


Figure 4. AC Testing Load Circuit 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


Symbol 
f 
li 

cc 


EX 


0 


100 WA 


m 


loca 
cos 
loos 
loos 
ibe 
Program Current (Read or 
eee 
Ippy!) Vpp = Vppu, During Programming 


(1) eal Current (Program Vep = Vepu, During Verify 


pat” 
pal 
Vi_|inputLowVotage =| 
Input High Voltage CMOS ee es 0.7 Voc 


=5.8mA 
VoL Output Low Voltage lors eSmaiorede |) 
lo. = 2.1mA (grade 3 & 6) 
iemtien sacs euce Voo~0.4 
VoH loy = —2.5mA 0.85 Vcc 
Output High Voltage TTL lon = —2.5mA 
Program Voltage (Read 
Program Voltage (Read/Write 


Vip AQ Voltage (Electronic Signature) 
lin | AQ Current (Electronic Signature) 


Supply Voltage, Erase/Program 
ViKo Lock-out 


Note: 1. Not 100% Tested. Characterisation Data available. 


( 
lect 
Supply Current (Standby) CMOS E=Vcoc +0.2V 
( 


a) 
© 


m 


S 


3/3 /3 i3Z JE[E 3 3,3 /E Je 


> 


+10 
200 
+10 


u 


= = on + 
alee 


ol 
© 


Ae 
ae} 
ine) 


| 
© 
or 
ol ié) 


Vec + 0.5 
Voc + 0.5 
0.45 
0.45 


No 
IN 


6.5 


12.6 


1 
1 


— 
ice) 


1.4 
1.5 
200 

2.5 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp< 6.5V) 


M28F102 
Symbol Parameter | 20 


[min | Mex | in | Max 
| twnv | tre | ReadcycleTime | E=VuG=Ve | 100 | | 120 | | ns 
E-viG-ve | | too | | 120 | ns 


| setore oe Saos0e5 


| toe | Chip Enable Low to Output Valid | 6 Gevue —]f too | | 120 | 


t t Output Enable Low to Output 
a.ax | wae fa ee eee 


_taay | toe | Output Enable Low to | Output Enable Low to Output Valid Valid E= = ee ee eee 
oo" a Chip Enable High to Output HiZ Hane te tate 
——_—_——— Output Enable High to | Output Enable High to Output Hi-Z Hi- z| Een | 


t Address Transition to Output 
es Transition 


Note: 1. Sampled only, not 100% tested 


Test Condition 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp < 6.5V) 


_ a erctetes 


[in | Max | Min | Max 
pep te Baebgstas | Beet ee a 
| twvov pE=wG=ve | | 150 | | 200 | ns 


t Chip Enable Low to Output 
evox " Transition 


teELav | Chip Enable Low to Output Valid Enable Low to Output Valid | Gev =6| id] to | | 200 


ae 
Output Enable Low to Output 
Ss oes 
peel cence! ee eee 
Pea | fomwensermvomeez | e-ve tote fo fo fo 
[tor _| Output Enable High to Output Hi | i je pete ete 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 
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Figure 5. Read Mode AC Waveforms 
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Figure 7. Electronic Signature Command Waveforms 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


jones | | me aa 
min | Max | tin | ntax | 


| tvene. | | VepHightoChipEnableLow ft | tt | ts 
| ivenm | | VeeHightowriteenablelow | at | ft | gs | 
| twas | two [Write CycleTime it too | tz | ns 
| tm | tes] Address Valid toWriteEnableLow | co | | oo | | ons 
| twa | | Address Validto ChipEnableLow | | | | ns 
| twax | ten | White Enable Lowto Address Transition | 60 | | go | ons 
za aa Chip Enable Low to Address Transition | a0 | | so| | ns | 
| tem | tos | ChipEnableLowtoWnteEnableLow | 20 | | 20 | ns 
| twee. |__| Write Enable Low to Chip Enable Low i ee ee ae ae 
| tome |_| Output Enable High to Write Enable Low Oeil: Oe ey ane || 
| tov |__| OutputEnable High toChipEnableLow | 0 | | | us 
| town | tos | Input Valid towrite EnableHigh | 80 | | sc | ns 
| tover_| | input Valid to Chip Enable High | 50 | | 50 | ns 
[tui | twe_| Write Enable Low to Write Enable High (Write Pulse) | 60 | | 60 | | ns __ 
| teen |_| Chip Enable Low fo Chip Enable High (Write Pulse) | 70 | | 70 | | ns 
| twiox | ton | Write Enable High to input Transition ft || to | ns 
| tewox | | Chip Enable High to Input Transition | 10 || 10 | ns 
[| twawir |_| Duration of Program Operation sf 85 | LOS | | us 
| tenn |__| Duration of Program Operation st 95 |] 5 || ns 
| twawi2 | | Duration of Erase Operation Sf 5 | | 8S || ms 
| twien | ton | Write Enable High to ChipEnableHigh fo | | io | ns 
| tem |__| Chip Enable High to Write EnableHigh | | | oo | ons 
| twa | two [Write Enable High to Write EnableLow | 20 | | 20 | |__| 
| tener |_| Chip Enable High to Chip EnableLow | 20 | | 20 | ns 
war | | Wate Enabe igh to OuputEnabiotow |e | |e. | as 
| tec. |__| ChipEnable High to OutputEnableLlow | 6 | | 6 | | as 


f sioo “7 
po | fo 
| toe | a i. 
| trox! | tor | Output Enable Low to Output Transition =| | | 
| tcvv | toe | Output Enable LowtoOutputvaid | S| ts | 
jtenoz | | Chip Enable Highto OuputHiz || ao | 
[ tonoz | tor | OutputEnable High to OutputH-Z | S| 
| taxox | ton | Address Transition to Output Transition ss | 9 | | | 


Notes: 1. Sampled only, not 100% tested 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 


(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


Parameter 


[VepHigh toChipEnabletow Lt || | ns 
[VepHightoWriteEnableLow tt | Lt | ns 


twc Write Cycle Time 
tas Address Valid to Write Enable Low 
Address Valid to Chip Enable Low 


taH Write Enable Low to Address Transition 


Chip Enable Low to Address Transition 


fe 
ae 
[two 
pitas 
pean 
tas 
Presses 
Chip Enable Low to Write Enable Low 
a 
Poel 
— 
| tos_| 
Cd 
tw 
oe! 
ton 
Ea 
a 
Eee 


Write Enable Low to Chip Enable Low 
Output Enable High to Write Enable Low 
Output Enable High to Chip Enable Low 
tos Input Valid to Write Enable High 
Input Valid to Chip Enable High 
twp Write Enable Low to Write Enable High (Write Pulse) 


tbH Write Enable High to Input Transition 
Chip Enable High to Input Transition 


tEHEH1 


tWHWH2 


texwi |__| Chip Enable High to Write Enable High 


twee Write Enable High to Write Enable Low 
| tener | | Chip Enable High to Chip Enable Low 


tWHGL aaa Write Enable High to Output Enable Low 
| tea. |__| Chip Enable High to Output Enable Low 


tavav 
(1) 


tELax 


taLav 
(1) 


(1) 


teHaz 


taHaz 


Notes: 1. Sampled only, not 100% tested 
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Figure 8. Erase Set-up and Erase Verify Commands Waveforms 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 
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Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 


PROGRAM ALL 
BYTES TO QOOOh 
n=0, Addr=O000h 


ERASE SET—UP 
Wait 10ms 


ERASE VERIFY 
Latch Addr 


ES 


READ COMMAND 


Vpp < 6.5V, PASS 
VA00636 


Limit: 1000 at grade 1; 6000 at grades 3 & 6. 


PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all words to 0000h in 
order to ensure uniform erasure. The programming 
follows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 0020h to the 
command register, the erasure is started by repeat- 
ing this write cycle. Erase Verify is set-up by writing 
OOAOh to the command register together with the 
address of the word to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFFFh fails. If this occurs, the 
address of the last word checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a word until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one word. Program is 
set-up by writing 0040h to the command register, 
the programming is started after the next write 
cycle which also latches the address and data to 
be programmed. Program Verify is set-up by writing 
00COh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


-100 
-120 
-150 
-200 


Example: 


100 ns 
120 ns 
150 ns 
200 ns 


M28F 102 


Vcc Tolerance 


X + 5% 


blank + 10% 


-100 X P 1 


P PDIP40 
K PLCC44 


Temperature Range 


1 Oto 70°C 
3 -40 to 125°C 
6  -40 to 85°C 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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SGS-THOMSON 
MICROELECTRONICS 


kyz_ S&S THOMSON M28F201 


CMOS 2 Megabit (256K x 8) FLASH MEMORY 


ADVANCE DATA 


=» FAST ACCESS TIME: 100ns 
=» LOW POWER CONSUMPTION 
— Standby Current: 100uA Max 
=» 10,000 ERASE/PROGRAM CYCLES 
» 12V PROGRAMMING VOLTAGE 


» TYPICAL BYTE PROGRAMMING TIME 10us 
(PRESTO F ALGORITHM) 1 


» ELECTRICAL CHIP ERASE IN 1s RANGE PDIP32 (P) PLCC32 (K) 


s INTEGRATED ERASE/PROGRAM-STOP 
TIMER s 


PTSO32 (N) 
8 x 20 mm 


DESCRIPTION 


The M28F201 FLASH MEMORY is a non-volatile 
memory which may be erased electrically at the 
chip level and programmed byte-by-byte. It is or- 
ganised as 256K bytes of 8 bits. It uses a command 
register architecture to select the operating modes 
and thus provides a simple microprocessor inter- 
face. The M28F201 FLASH MEMORY is suitable 
for applications where the memory has to be repro- 
grammed in the equipment. The access time of 
100ns makes the device suitable for use in high 
speed microprocessor systems. = Ce Se DOO=DO7 


Figure 1. Logic Diagram 


Table 1. Signal Names 


M28F 201 
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This is advance information on a new product now in development or undergoing evaluation Details are subject to change without notice 
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Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 


1 

Z 
e: 
4 
5 
6 
J 
8 


2 
M28F 201 M28F 201 


oO 


OnRWN Oo 


VA00638 
VA00641 


Warning: NC = No Connection Warning: NC = No Connection 


Figure 2C. PTSO Pin Connections Figure 2D. PTSO Reverse Pin Connections 


M28F201 
(Reverse) 


M28F 201 
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Warning: NC = No Connection Warning: NC = No Connection 
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Table 2. Absolute Maximum Ratings 


TA Ambient Operating Temperature grade 1 
grade 3 


grade 6 


Storage Temperature —65 to 150 
Input or Output Voltages —0.6 to 7 
[SupplyVotage 


—40 to 125 
—40 to 85 


Supply Voltage 
a meee 


Program Supply Voltage, during Erase 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DEVICE OPERATION 


The M28F201 FLASH MEMORY employs a tech- 
nology similar to a 1 Megabit EPROM but adds to 
the device functionality by providing electrical era- 
sure and programming. These functions are man- 
aged by acommand register. The functions that are 
addressed via the command register depend on 
the voltage applied to the Vpp, program voltage, 
input. When Vpp is less than or equal to 6.5V, the 
command register is disabled and the M28F201 
functions as a read only memory providing operat- 
ing modes similar to an EPROM (Read, Output 
Disable, Electronic Signature Read and Standby). 
When Vpp is raised to 12V the command register 
is enabled and this provides, in addition, Erase and 
Program operations. 


READ ONLY MODES, Vpp < 6.5V 


For all Read Only Modes, except Standby Mode, 
the Write Enable input W should be High. In the 
standby Mode this input is ’don’t care’. 


Read Mode. The M28F201 has two enable inputs, 
E and G, both of which must be Low in order to 
output data from the memory. The Chip Enable (E) 
is the power control and should be used for device 
selection. Output Enable (G) is the output control 
and should be used to gate data on to the output, 


independant of the device selection. 


Standby Mode. In the Standby Mode the maxi- 
mum supply current is reduced from 30mA to 
100A. The device is placed in the Standby Mode 
by applying a High to the Chip Enable (E) input. 
When in the Standby Mode the outputs are in a high 


impedance state, independant of the Output En- 
able (G) input. 


Output Disable Mode. When the Output Enable 


(G) is High the outputs are in a high impedance 
state. 


Electronic Signature Mode. This mode allows the 
read out of two binary codes from the device which 
identify the manufacturer and device type. This 
mode is intended for use by programming equip- 
ment to automatically select the correct erase and 
programming algorithms. The Electronic Signature 
Mode is active when a high voltage (11.5V to 13V) 
is applied to address line A9 with E and G Low. With 
AO Low the output data is the manufacturer code, 
when AO is High the output is the device code. All 
other address lines should be maintained Low 
while reading the codes. 


READ/WRITE MODES, 11.4V < Vpp < 12.6V 


When Vpp is High both read and write operations 
may be performed. These are defined by the con- 
tents of an internal command register. Commands 
may be written to this register to set-up and exe- 
cute, Erase, Erase Verify, Program, Program Verify 
and Reset modes. Each of these modes needs 2 
cycles. Every mode starts with a write operation to 
set-up the comman<d, this is followed by either read 
or write operations. The device expects the first 
cycle to be a write operation and does not corrupt 
data at any location in memory. Read mode is 
set-up with one cycle only and may be followed by 
any number of read operations to output data. 
Electronic Signature Read mode is set-up with one 
cycle and followed by a read cycle to output the 
manufacturer or device codes. 
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Table 3. Operations “) 


| Standby Vin 


ee 
Read/Write | Vppy 
Note: 1. X= Vicor Vin 


2. Refer also to the Command Table 


Table 4. Electronic Signature 


Table 5. Commands “) 


1st Cycle 2nd Cycle 
Command Cycles y 
eae see oer 


Se Wt 


aes 
ee S| ee ee 
[reset | 2 | wo [x : 


Note: 1. X=VirorVin 
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READ/WRITE MODES (cont'd) 


Awrite to the command register is made by bringing 
W Lowwhile E is Low. The falling edge of W latches 
Addresses, while the rising edge latches Data, 
which are used for those commands that require 
address inputs, command input or provide data 
output. 


When the device is powered up and when Vpp is < 
6.5V the contents of the command register default 
to 00h, thus automatically setting-up Read opera- 
tions. In addition a specific command may be used 
to set the command register to 00h for reading the 
memory. 


The system designer may chose to provide a con- 
stant high Vpp and use the register commands for 
all operations, or to switch the Vpp from low to high 
only when needing to erase or program the mem- 
ory. Ail command register access is inhibited when 
Vcc falls below the Erase/Write Lockout Voltage 
(Viko) of 2.5V. 


If the device is deselected during Erasure, Pro- 
gramming or Verification it will draw active supply 
currents until the operations are terminated. 


The device is protected against stress caused by 
long erase or program times. If the end of Erase or 
Programming operations are not terminated by a 
Verify cycle within a maximum time permitted, an 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 10ns 
Input Pulse Voltages 0.45V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


VA0Q0827 


Table 6. Capacitance (Ta = 25 °C, f= 1 MHz) 


Note: this parameter is sampled only and not tested100% 


Symbol Test Condition | Min | Max | Unit_| 
Input Capacitance er 
Output Capacitance | Vorsov | | te 


M28F201 


internal stop timer automatically stops the opera- 
tion. The device remains in an inactive state, ready 
to start a Verify or Reset Mode operation. 


Read Mode. The Read Mode is the default at 
power up or may be set-up by writing 00h to the 
command register. Subsequent read operations 
output data from the memory. The memory remains 
in the Read Mode until a new command is written 
to the command register. 


Electronic Signature Mode. In order to select the 
correct erase and programming algorithms for on- 
board programming, the manufacturer and devices 
code may be read directly. It is not neccessary to 
apply a high voltage to A9 when using the com- 
mand register. The Electronic Signature Mode is 
set-up by writing 90h to the command register. The 
following read cycle, with address inputs 00000h or 
00001h, output the manufacturer or device codes. 
The command is terminated by writing another 
valid command to the command register (for exam- 
ple Reset). 


Erase and Erase Verify Modes. The memory is 
erased by first Programming all bytes to 00h, the 
Erase command then erases them to OFFh. The 
Erase Verify command is then used to read the 
memory byte-by-byte for a content of OFFh. 


The Erase Mode is set-up by writing 20h to the 
command register. The write cycle is then repeated 


Figure 4. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST C, =100pF 


de 


C, includes JIG capacitance 
VA00828 
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Table 7. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


Parameter 


Symbol Test Condition 


Iu Input Leakage Current OV < Vins Voc 
ko OV < Vour s Veo 
loc E = Vit, f= 6MHz 
Supply Current (Standby) TTL E=Vin 
° Supply Current (Standby) CMOS E=Voc+0.2V 100 A 
loca |) Supply Current (Programming) During Programming 


loca"? | Supply Current (Program Verify) During Verify 
( 


loca ™) Supply Current (Erase) During Erasure 


Ices Supply Current (Erase Verify) During Erase Verify) 
ILPP Program Leakage Current Vpp S Vcc 


Vpp > Vcc 


+10 
200 
+10 


Program Current (Read or 


Standby) 


> 


Vpp S$ Vcc LL 


Ips") Program Current (Programming) | Vpp = Veen, During Programming 


(1) Program Current (Program 
Verify) 


Ipp3 Vpp = Vppu, During Erase 
Ipp4”) Vpp = Vppu, During Erase Verify 


lon = 100A 
lon = -2.5mA 
low = -2.5mA 


Vpp = Vppu, During Verify 


a 
ms] 
no 


ie) 


no b 
nm 7S 
a me (o>) — =x ak — I+ 
= =e It =e Se TS 


0 


Vcc + 0.5 
Voc + 0.5 
0.45 


0.7 Vcc 


Vcoc — 0.4 


ViL 
Vin 
VoL 

OH 0.85 Vcc 


Output High Voltage CMOS 


Output High Voltage TTL 


Program Voltage (Read 
Operations) 


V 


VPPL 


Program Voltage (Read/Write 
Operations) 


AQ Voltage (Electronic Signature) 
A9 Current (Electronic Signature) AY = Vip 


Supply Voltage, Erase/Program 
Lock-out 


VpPH 


= 
mad . 
aS 


N 
on 


Vip 11.5 
(1) 


200 


. 


VLKO 


Note: 1. Not 100% Tested. Characterisation Data available. 
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Table 8A. Read Only Mode AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp < 6.5V) 


M28F201 
eae 
Symbol Parameter 


rare 
[iar fe Pie 
= E-v.d-v | [rool |v | ne 


t Chip Enable Low to Output : 
ELOX | Eyer ae S 


hi teva toe | Chip Enable Low to | Chip Enable Low to Output Valid Valid en ee 120 


Output Enable Low to Output 


ot ee ee Ea 
Pest“ Joreamnpoomens [ecm fet @ et et a 
tana = Sues ensie ee amare} Eve _/ Oto tee 


Address Transition to Output 


Note: 1. Sampled only, not 100% tested 


Test Condition 


Table 8B. Read Only Mode AC Characteristics 
((Ta = 0 to 70 °C, —40 to 85 °C, —40 to 125 °C; Vcc = 5V + 10%; OV < Vpp < 6.5V) 


Address Valid to Output Valid 


t (1) Chip Enable Low to Output 
ore Transition 


Chip Enable Low to Output Valid 


tELav 


t (1) t Output Enable Low to Output 
oon Ol2 | Transition 


| terav | toe | Output Enable Low to Output Valid | Output Enable Low to Output Valid a 
ea Chip Enable High to Output Hi-Z Sete 


Output Enable High to Output Hi-Z 


t Address Transition to Output 
sas Transition 


Note: 1. Sampled only, not 100% tested 
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Figure 5. Read Mode AC Waveforms 
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Figure 6. Read Command Waveforms 
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Figure 7. Electronic Signature Command Waveforms 


tVPHEL 


DQO0—-—DQ7 


“¢@— READ ELECTRONIC ——» 
SIGNATURE SET—UP 


READ/WRITE MODES (cont’d) 


to start the erase operation. Erasure starts on the 
rising edge of W during this second cycle. Erase is 
followed by an Erase Verify which reads an ad- 
dressed byte. 


Erase Verify Mode is set-up by writing OAOh to the 
command register and at the same time supplying 
the address of the byte to be verified. The rising 
edge of W during the set-up of the first Erase Verify 
Mode stops the Erase operation. The following 
read cycle is made with an internally generated 
margin voltage applied, reading OFFh indicates 
that all bits of the addressed byte are fully erased. 
The whole contents of the memory are verified by 
repeating the Erase Verify Operation, first writing 
the set-up code OAOh with the address of the byte 
to be verified and then reading the byte contents in 
a second read cycle. 


As the Erase algorithm flow chart shows, when the 
data read during Erase Verify is not OFFh, another 
Erase operation is performed and verification con- 
tinues from the address of the last verified byte. The 
command is terminated by writing another valid 


O0000h—00001h 


DATA OUT 


<———— READ ——— 
' MANUFACTURER! 
OR DEVICE 


VA00644 


command to the command register (for example 
Program or Reset). 


Program and Program Verify Modes. The Pro- 
gram Mode is set-up by writing 40h to the command 
register. This is followed by a second write cycle 
which latches the address and data of the byte to 
be programmed. The rising edge of W during this 
second cycle starts the programming operation. 
Programming is followed by a Program Verify of the 
data written. 


Program Verify Mode is set-up by writing OCOh to 
the command register. The rising edge of W during 
the set-up of the Program Verify Mode stops the 
Programming operation. The following read cycle, 
of the address already latched during program- 
ming, is made with an internally generated margin 
voltage applied, reading valid data indicates that all 
bits have been programmed. 


Reset Mode. This command is used to safely abort 
Erase or Program Modes. The Reset Mode is 
set-up and performed by writing twice OFFh to the 
command register. The command should be fol- 
lowed by writing a valid command to the the com- 
mand register (for example Read). 
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Table 9A. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


ol al en =e 
Pn [ wae | wn [ ex 


| ven. | | VerHigh toChipEnablelow | tT | os 
| tvenm | | VepHigh toWrite Enablelow | tT | | 
| twa | two [Write cyctetime too | tz | ns 
| tw. | tas | Address Valid to Write EnableLow | 0 | | | 
| twa | | Address Valid to ChipEnableLow | | | | ns 
| twax | tox | Write Enable Lowto Address Transition | 40 || 50 | |_| 
_tasx |__| ChipEnableLowto Address Transition | 40 | | 50 | ns 
[Chip Enable Low to Write EnableLow | 20 || 20 | ns 


tWHEH 


ip) 


tEHEL Chip Enable High to Chip Enable Low 
tWHGL Write Enable High to Output Enable Low 


tEHWH az Chip Enable High to Write Enable High 
tEHGL Ed Chip Enable High to Output Enable Low 


tWHWL Write Enable High to Write Enable Low 


| twa | | Write Enable Low to ChipEnableLow | 0 | | | | ns 
[Output Enable High to Write EnableLow | o | | oo || us 
| Output Enable High to Chip EnableLow | ae ee 
eee ertieeieeabere ns 
toven i i 50 

re Enable Erbe ih te Pse) | 

| teen | 40 ns 

| tewox |_| Chip Enable High to Input Transition | 10 

twins | | Duration of Program Operation | 85 

9.5 

tne | 

twine | i 

jp tenen 

twice 

teva | 

| twov | 


tacc | Addess Valid to data Output 


tavav 


; 
tELax 


Chip Enable Low to Output Valid 


= 
i¢p) 


=; oe ee me ee ee ee oe ee ee 3/5 
7) an l|n | AIH |[H 1H [HW |W 1H n | 


( 
tELav 
( 
( 


Cs 
— 
ond 
Te eat ih i Pus 
on 
ae 
any 
a 


Output Enable Low to Output Transition 


taLax t ns 


Chip Enable Low to Output Transition 


=) 
n 


) 
1) 
tGLav 

) 
(1) 


1 
tEHQZ 


tDVEH a Input Valid to Chip Enable High 


Chip Enable High to Output Hi-Z 
Output Enable High to Output Hi-Z 
Address Transition to Output Transition 


Note: 1. Sampled only, not 100% tested 


t 
t 
t 
t 
t 
t 
t 
O 
t 
t 


=) 
n 


taHaz 


cs 
DS 
WP 
DH 
CH 

Output Enable Low to Output Valid 
taxax OH ns 


wWlo]lspA — Py 
oO Oo 

nN | po oO;o };ol/iufia};p ola 

oo) inion lo |lolo|o coal Ee 
w lola rae =r 
we nN 


NO | dO 
Oo };|oO 
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Table 9B. Read/Write Mode AC Characteristics - W and E Controlled 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


jemee | me | me Fa 
[win | Max | min | Max | 


| ten, | | VepHightoChipenableLow = | at | tt || ns | 
| tvewm | | VepHigh toWrteEnablelow ft || at | ns 
| tw | two [Write ycleTime 50 | | 200 | ns 
| tam | tas [Address Validto Write EnableLow | | | oo | ns 
| twver_| | Address Valid to Chip EnableLow | | | oo |_| 
| tmax | tas | Write Enable Lowto Address Transition | 60 | | 75 | ns 
| tex | [Chip Enable LowtoAddress Transiton | 80 | | 95 | | ns 
| ten | _tos_| Chip Enable LowtoWriteEnableLow | 20 | | 20 | |__| 
| tme | | Write Enable Low to Chip Enable Low oc, ico. ne 
| towm | | Output Enable High to Write EnableLow | 0 | | oo | | us | 
| toner |_| OutputEnable Highto Chip EnableLow | co | | co | ns | 
| tow | tos | Input ValidtoWriteEnableHign | 50 |_| 50 | |__| 
| toven |__| inputValidtoChipEnableHigh | 0 | | 50 | ns 
| twuwi _| we | Write Enable Lowto Write Enable High (Write Pulse) | 60 | | 60 | | ns_| 
| tec |_| Chip Enable Low to Chip Enable High (Write Pulse) | 70 | | 80 |_| ns _| 
| twox | ton | Write Enable High to input Transition | 10 | | 10 | |__| 
| tewx | | Chip Enable High to Input Transition | 10 || 10 | |_| 
twin |__| Duration of Program Operation sf 85 | | 98 || us 
| tenen | | Duration of Program Operation | 5 | | 95 | | ps | 
| twawne | | Duration oftErase Operation | 85 | 88 | | ms | 
| iwnen | ton | Write Enable High to ChipEnableHigh | 0 | | oo | ns _| 
| tw | | Chip Enable High to Write EnableHigh | | | oo | ns 
| twine | twex | Write Enable High to Write EnableLow | 20 | | 20 | ns 
| tener |_| Chip Enable High to Chip Enable Low | 20 n 
| twist |_| Write Enable High to Output Enable Low 
| tev. |_| Chip Enable High to Output Enable Low 


e 
oO 
B 


5 fe 
no 1” 


ieee 
red 
= 
| tevox' [tz | Chip Enable Low to Output Transition | 
| teav | toe | ChipEnable Low to Output Vaid | 
| tarox | tor | Output Enable Low to Output Transition |_| 
| tov | toe | Output Enable Low to Output Vaid | 
tenoz” | | Chip Enable High to OutputHiZ | 
| towoe | tor | Output Enable High to OutputiZ 
[| _twxox | ton | Address Transition toOutput Transition | 


Note: 1. Sampled only, not 100% tested 
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Figure 9. Program Set-up and Program Verify Commands Waveforms - W Controlled 


DATA OUT 


COMMAND 
a aw 


PROGRAM 
VERIFY SET-UP 


z 
ro) 
= 
< 
a 
Lj 
a. 
Oo 
= 
< 
a 
Oo 
>) 
ow 
o. 


—> 


DATA IN 


ADDRESS AND 
DATA LATCH 


COMMAND 


PROGRAM SET—UP 


q— 


DQ0-—-DQ7 


- 13/16 
AY, Bioneers 
341 


M28F201 


Figure 10. Program Set-up and Program Verify Commands Waveforms - E Controlled 
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Figure 11. Erasing Flowchart 
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PRESTO F ERASE ALGORITHM 


The PRESTO F Erase Algorithm guarantees that 
the device will be erased in a reliable way. The 
algorithm first programms all bytes to 00h in order 
to ensure uniform erasure. The programming fol- 
lows the Presto F Programming Algorithm (see 
below). Erase is set-up by writing 20h to the com- 
mand register, the erasure is started by repeating 
this write cycle. Erase Verify is set-up by writing 
OAOh to the command register together with the 
address of the byte to be verified. The subsequent 
read cycle reads the data which is compared to 
OFFh. Erase Verify begins at address 0000h and 
continues to the last address or until the compari- 
son of the data to OFFh fails. If this occurs, the 
address of the last byte checked is stored and a 
new Erase operation performed. Erase Verify then 
continues from the address of the stored location. 
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Figure 12. Programming Flowchart 
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PRESTO F PROGRAM ALGORITHM 


The PRESTO F Programming Algorithm applies a 
series of 10us programming pulses to a byte until 
a correct verify occurs. Up to 25 programming 
operations are allowed for one byte. Program is 
set-up by writing 40h to the command register, the 
programming is started after the next write cycle 
which also latches the address and data to be 
programmed. Program Verify is set-up by writing 
OCOh to the command register, followed by a read 
cycle and a compare of the data read to the data 
expected. During Program and Program Verify op- 
erations a MARGIN MODE circuit is activated to 
guarantee that the cell is programmed with a safety 
margin. 
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ORDERING INFORMATION 


-100 
-120 
-150 
-200 


100 ns 
120 ns 
150 ns 
200 ns 


Vcc Tolerance 


Example: M28F201 -100 X N 1 R 


Temperature Range 


X +5% P PDIP32 1 0 to 70 °C R Reverse 
blank  +£10% K PLCC32 3 -40 to 125°C Pin-Out 
N PTSO32 6 —40t0 85°C 
8x20 mm 


For a list of available options of Speed, Vcc Tolerance, Package and Temperature Range, refer to the 
Selector Guide in this Data Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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ky 3&3 THOMSON M23C512 


CMOS 512K (64K x 8) ROM 


=» FAST ACCESS TIME: 100ns 

=» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 40mA Max 
— Standby Current 20uA Max 

=» SINGLE 5V + 10% SUPPLY VOLTAGE 

=» STATIC OPERATION 


m CHIP ENABLE ACTIVE LEVEL MASK PRO- 
GRAMMABLE 1 


» AUTOMATIC POWER DOWN PDIP28 (B) 


DESCRIPTION Figure 1. Logic Diagram 
The M23C512 is a 512K bit, CMOS Mask Pro- 
grammed Read Only Memory (ROM), organised as 
64K bytes of 8 bits. The fast access time of 100ns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C512 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus 50ns 
with no change in inputs, the M23C512 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to imA Max. 
Data remains latched on the output. 


Two line control may be implemented using the 
Chip Enable and the Output Enable signals. M23C512 


Table 1. Signal Names 
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VA0Q0656 


M23C512 


Table 2. Absolute Maximum Ratings 


Input or Output Voltages —0.5to7 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Table 3. Operating Modes 


Tete 


Notes: X = Vinor Vit 


Figure 2. DIP Pin Connections 
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M23C512 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


t 


VA00B26 C; includes JIG capacitance 


VA00828 


Table 4. Capacitance (Ta = 25 °C; f = 1MHz) 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100%. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Voc = 5V + 10%) 
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M23C512 


Table 6. Read Mode AC Characteristics 
(Ta =0 to 70 °C; Voc = 5V + 10%) 


symbol_| Alt | _—_—_—Parameter_———|__ Test Condition 
Address Valid to Output Valid E=Vi,G=Vi 
Address Cycle Time 
t 


tceE Chip Enable Low to Output Valid 
Output Enable Low to Output Valid 
Chip Enable High to Output Hi-Z 
@) tor ls 
tou 


| tenor | tor _| Output Enable High to Output Hi-Z E= 


t Address Transition to Output 
ae Transition 


Notes: 1. Parameter shown for the mask option of Chip Enable Active Low 
2. Sampled only not 100% tested 


E=Vu, G=Vi 


— 
J 
— 
te 


, I}@|| mi} @| 
ll ll Il 
< 
[cos 


Figure 5. Read Mode AC Waveforms 


AiSZ 
DATA OUT 


VA00735 


ORDERING INFORMATION 


Example: M23C512 B 1 AA 


Temperature Range 


B  PDIP28 1 Oto 70°C AA-ZZ Content 
Identification 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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kyz_ $GS-THOMSON M23C1000 


CMOS 1 Megabit (128K x 8) ROM 


=» FAST ACCESS TIME: 100ns 

=» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 40mA Max 
— Standby Current 20uA Max 

m SINGLE 5V + 10% SUPPLY VOLTAGE 

= STATIC OPERATION 


= CHIP ENABLE ACTIVE LEVEL MASK PRO- 
GRAMMABLE 


» AUTOMATIC POWER DOWN 


PDIP28 (B) 


Figure 1. Logic Diagram 


DESCRIPTION 


The M23C1000 is a 1 Megabit, CMOS Mask Pro- 
grammed Read Only Memory (ROM), organised as 
128K bytes of 8 bits. The fast access time of 100ns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C1000 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus 50ns 
with no change in inputs, the M23C1000 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to 1mA Max. M25C1000 
Data remains latched on the output. 


Table 1. Signal Names 


VAO0663 
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M23C1000 


Table 2. Absolute Maximum Ratings 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Table 3. Operating Modes 


Standby / Output Disable 


Figure 2. DIP Pin Connections 
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M23C1000 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 


Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C=100pF 


a 


VA00826 C; includes JIG capacitance 


VA00828 


Table 4. Capacitance (Ta = 25 °C; f = 1MHz) 


Note: This parameter is sampled only and not tested 100%. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Voc = 5V + 10%) 
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Table 6. Read Mode AC Characteristics 
(Ta = 0 to 70 °C; Voc = 5V + 10%) 


Notes: 1. Parameter shown for the mask option of Chip Enable Active Low 
2. Sampled only not 100% tested 


Figure 5. Read Mode AC Waveforms 


DATA OUT 
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ORDERING INFORMATION 


Example: M23C1000 B 1 AA 


Temperature Range | |___ Option 


B PDIP28 1 Oto70°C AA-ZZ Content 
Identification 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M23C1001 


CMOS 1 Megabit (128K x 8) ROM 


=» FAST ACCESS TIME: 100ns 

=» LOW POWER "CMOS" CONSUMPTION: 
— Active Current 40mA Max 
— Standby Current 20uA Max 

m SINGLE 5V + 10% SUPPLY VOLTAGE 

=» STATIC OPERATION 


=» CHIP ENABLE ACTIVE LEVEL MASK PRO- 
GRAMMABLE 


=» AUTOMATIC POWER DOWN 


DESCRIPTION 


The M23C1001 is a 1 Megabit, CMOS Mask Pro- 
grammed Read Only Memory (ROM), organised as 
128K bytes of 8 bits. The fast access time of 100ns 
makes it ideal for EPROM replacement in high 
volume applications. The Chip Select input may be 
mask programmed to be Active Low or High. When 
Chip Enable is not active the M23C1001 enters a 
standby mode, making it very suitable for battery 
powered systems. After a memory cycle plus 50ns 
with no change in inputs, the M23C1001 enters 
automatically the standby mode with the power 
consumption reduced from 40mA to 1mA Max. 
Data remains latched on the output. 


Two line control may be implemented using the 
Chip Enable and the Output Enable signals. 


Table 1. Signal Names 
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Figure 1. Logic Diagram 
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Table 2. Absolute Maximum Ratings 
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Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Table 3. Operating Modes 


SS Or 


Notes: X = Vinor Vit 


Figure 2. DIP Pin Connections 


CONDON AWN — 


2 
Q M23C1001 


VA00659 


2/4 = 
—______—1_—_——— yy S88:TOMSON 


356 


M23C1001 


AC MEASUREMENT CONDITIONS Figure 4. AC Testing Load Circuit 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


DEVICE 
UNDER 
TEST C, =100pF 


I 


C,; includes JIG capacitance 


VA00826 


VA00828 


Table 4. Capacitance (Ta = 25 °C; f = 1MHz) 


Note: This parameter is sampled only and not tested 100%. 


Table 5. Read Mode DC Characteristics 
(Ta = 0 to 70 °C; Voc = 5V + 10%) 
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Table 6. Read Mode AC Characteristics 
(Ta = 0 to 70 °C; Voc = 5V + 10%) 


Symbol | At | Parameter | Test Condition _ 
Address Valid to Output Valid E=Vu,G= Vit 
Address Cycle Time 


100 


Chip Enable Low to Output Vali 

Output Enable Low to Output Valid 

Chip Enable High to Output Hi-Z 

Output Enable High to Output Hi-Z 
OH 


Address Transition to Output ree on 


Notes: 1. Parameter shown for the mask option of Chip Enable Active Low 
2. Sampled only not 100% tested 


Figure 5. Read Mode AC Waveforms 


DATA OUT 
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ORDERING INFORMATION 


Example: M23C1001 B 1 AA 


Temperature Range | |____ Option 


B PDIP32 1 Oto70°C AA-ZZ Content 
Identification 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ST24C01 


SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 


= 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 3V TO 5.5V SUPPLY VOLTAGE 

= TWO WIRE SERIAL INTERFACE, FULLY [2C 
BUS COMPATIBLE 

= BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

s PAGE WRITE (UP TO 8 BYTES) 

= BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

= SELF TIMED PROGRAMING CYCLE 

s AUTOMATIC ADDRESS INCREMENTING 


a GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST24C01 is a 1K bit electrically erasable pro- 
grammable memory (EEPROM), organised as 128 
x 8 bits. It is manufactured in SGS-THOMSON’s 
Hi-Endurance Advanced CMOS technology which 
guarantees an endurance of more than one million 
erase/write cycles with a data retention of over 10 
years. Both Plastic Dual-in-Line and Plastic Small 
Outline packages are available. 


The memory is compatible with the I2C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C01 carries a 
built-in 4 bit, unique device identification code cor- 
responding to the I°C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 


Table 1. Signal Names 


May 1992 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24CO1 
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Figure 2A. DIP Pin Connections 


S1TZ24C01 


VA00840 


Table 2. Absolute Maximum Ratings 
Parameter 


Ambient Operating Temperature 


Tste Storage Temperature 


Figure 2B. SO Pin Connections 


ST24C01 


VA00841 


grade 1 
grade 3 
grade 6 


—65 to 150 


TLEAD Lead Temperature, Soldering (PSO8 package) 40 sec 
(PSDIP8 package) 10sec 


Input or Output Voltages 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


ST24C01’s may be attached to the I?C bus and 
selected individually. 


The ST24C01 behaves as a slave device in the I?C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 device select bits plus one read/write 
bit and terminated by an acknowledge bit. When 
writing data to the memory it responds to the 8 bits 
received by asserting an acknowledge bit during 
the 9th bit time. When data is read by the bus 
master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 
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OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 


The 8 bits sent after a START condition are made 
up of 4 bits that identify the device type, 3 chip 
enable bits_and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


SON 
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OPERATING MODES (cont'd) 


Byte Write. In this mode a device selectis sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte mode is acti- 
vated when the MODE pin is at Vin level and Page 
Write when MODE is at Vit. Adevice select is sent 
with the RW bit at ’0’, followed by the address of 
the first byte. This is followed by the data bytes to 
write. The bytes are written in the programing cycle. 
All 8 bytes written in the Page Write mode must 
have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at ’1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at ’1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 


Table 3. Device Select Code 


ST24C01 


quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. Aresistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vi_ or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Device Select 1 


Note: The MSB b7 is sent first 


Table 4. Operating Modes 


Current Address Read 


Random Address Read 


Sequential Read 
Byte Write 


Note: X = Vin or Vit 


| ox «| oa | START, Device Select, RW = 1’ 
| x |__| START, Device Select, RW ='0', Address 
| =X | 1to 128 | As CURRENT or RANDOM Mode 


Vin or Vit 


X 
X 
X 
X 
oui he ae eo 
a ee ee 


| 
7 [reSTART Deve Selec. AW =" 
|_| START. Dove Sect AW =0 
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ST24C01 


DEVICE OPERATION 


The ST24C01 supports the [°C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24C01 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C01 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 


Figure 4. I1?C Bus Protocol 


START SDA SDA 
INPUT CHANGE 


CONDITION 


Figure 3. Typical Interface 


ST24C01 


Vss 
VA00842 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C01 
and the bus master and forces the device into the 
standby power state. 


STOP 
CONDITION 


VA00792 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 

Input Pulse Voltages 0.2Vcc to 0.8Vcc 
Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 7. Capacitance ") (Ta = 25 °C, f = 100 kHz) 


Parameter 


Input Capacitance (SDA) 


Input Capacitance (Other) 
Note: 1. Sampled only not 100% tested 


Figure 6. AC Waveforms 


tCLDX 


' SDA ' SDA STOP & 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


“<— DATA OUTPUT > 


¢ ————e———._ WRITE CYCLE ———___»<______» 


' STOP ° ' START 
CONDITION CONDITION 


VAQ0795 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V) 


Symbol Test Condition | Min 
rae Input Leakage Current OV < Vins Vcc Ie 


Output Leakage Current OV < Vout $ Vcc 
| ec Supply Current f = 100kHz 


LA 
LA 
mA 
LA 


Input Low Voltage (SCL & SDA) 


| Max | 
i Ca 
ko a 
oo oe 
Vit : 

Vi 
Vit 

Vin 

VoL 


+2 
+2 
2 
0.5 
0.4 


Supply Current (Standby) Vn=0vorvec | | 100 


<a ) Ss 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V) 


ee 
Tionoe |e [oeancotme Sd te 
an a 

4 

4 

4.7 

250 

4.7 

4.7 

0.3 

300 


i 
Input Rise Time L 4 
Input Fall Time 

tsu STA Clock High to Input Transition 


30 


Clock Pulse Width High 
Input Low to Clock Low (START) 


ee 
=a 
ae 
Loe 
[tee | twomr | Crock Low to put Tanson i 
A 
toxor | tovonr | input Tanstionio Gok Tatton | 200 : 
[tio | tousvo [chek High ont igh STOR) | _47 
| tore | tour | InputHigh to iputLow (Bus Free) | 7 
Tew | tm | ObckLowioOupuvals Sd 
Clock High to Output Transition | 300 | 
| te | tsa__| Clock Frequeny | 
Input Low Pass 1st Order Filter Time L 
Constant (SCL & SDA Inputs) 
" a 


, | 100 
Notes: 1. For a re START condition, or following a write cycle. 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 


0 
3.5 
0 
0 


kHz 
10 


Ls 
n 
Us 
us 
Us 
m 
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Table 8. Endurance and Data Retention 


DEVICE OPERATION (cont'd) 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data input. During data input the ST24C01 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST24C01, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code anda READ or WRITE 
instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
°C bus definition. For the ST24C01 these are fixed 
as 1010b (OAh). 


The following 3 bits identify the specific ST24C01 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST24C01’s can be 
connected on the same bus giving a memory ca- 
pacity total of 8k bits. After a START condition all 
S1T24C01’s on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO - E2. If a match is found the correspond- 
ing ST24C01 will acknowledge the identification on 
the SDA bus during the 9th bit time. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal ts at Vin and the Page Write mode 
when this signal is at Vi. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
eaiure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


3T24C01 


MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST24C01 acknowledges this and waits for a byte 
address. The byte address of 7 bits (MSB b7 is 
‘don’t care) provides access to any of the 128 bytes 
of the memory. After receipt of the byte address the 
ST24C01 again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C01. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C01. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vi_. The Page Write mode allows up to 
8 bytes to be written ina single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24C01. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C01 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 


MULTIBYTE 


AND 


PAGE WRITE 


ACK ACK 


BYTE ADDR 
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START RW 
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Figure 8. Read Modes Sequence 


CURRENT 
ADDRESS 
READ 


RANDOM 
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SEQUENTIAL 
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SEQUENTIAL 
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DEV" SEL 


DATA OUT 


START RW 


ACK ACK ACK 


ese bee |! ay ST | eee oa 


START RW RW 


K ACK 


DATA OUT 1 DATA OUT N 


RW 


DEV SEL 


ACK ACK ACK 


eve be |'D 


DEV SEL | 
RW START RW 


NO 
ACK 


ote | 


SlOP 
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Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST24C01 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST24C01 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to’1’. The ST24C01 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


ORDERING INFORMATION 


Example: ST24C01 M 


1 


ST24C01 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C01 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 
mented after each byte output. After a count of 128 
the address counter will ’roll-over’ and the memory 
will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24C01 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDAline 
low during this time, the ST24C01 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


B  PSDIP8 1 
0.25 mm Frame 


0 to 70 °C 


01i3TR Tape & Reel 


3 40 to 125°C 
6 40 to 85°C 


M PSO8 


Parts are shipped with the memory content set at all "1’s" (OFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


ky SGS-THOMSON 
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ST24C02A 


SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 


= 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


w SINGLE 3V TO 5.5V SUPPLY VOLTAGE 


= TWO WIRE SERIAL INTERFACE, FULLY [°C 
BUS COMPATIBLE 


» BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 


» PAGE WRITE (UP TO 8 BYTES) 

=» BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

» SELF TIMED PROGRAMING CYCLE 

=» AUTOMATIC ADDRESS INCREMENTING 


» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST24C02A is a 2K bit electrically erasable 
programmable memory (EEPROM), organised as 
256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 


The memory is compatible with the I2C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24CO2A carries 
a built-in 4 bit, unique device identification code 
corresponding to the I°C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 


Table 1. Signal Names 


May 1992 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24CO2A 


VA00788 
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ST24C02A 


Figure 2A. DIP Pin Connections 


ST24CO2A 


VA00789 


Table 2. Absolute Maximum Ratings 


Symbol 


Ambient Operating Temperature 


Tste Storage Temperature 


TLEAD Lead Temperature, Soldering 


Input or Output Voltages 


Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) 


Parameter 


(PSO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


ST24CO2A 


VA00790 


0 to 70 
—40 to 125 


°C 
—40 to 85 


—65 to 150 
215 ° 
‘ 


—0.3 to 6.5 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


4000 
1000 


Note: Except for the rating "Operating Temperature Range", stresses above those listed In the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


ST24C02A's may be attached to the I°C bus and 
selected individually. 


The ST24C02A behaves as a slave device in the 
I7C protocol with all memory operations syn- 
chronised by the serial clock. Read and write oper- 
ations are initiated bya START condition generated 
by the bus master. The START condition is followed 
by a stream of 7 device select bits plus one 
read/write bit and terminated by an acknowledge 
bit. When writing data to the memory it responds to 
the 8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 
nated with a STOP condition. 


2/9 7 SGS-TH 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 


The 8 bits sent after a START condition are made 
up of 4 bits that identify the device type, 3 chip 
enable bits and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


OMSON 
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OPERATING MODES (cont'd) 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vit. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at ’1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at ’1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 


Table 3. Device Select Code 


ST24C02A 


quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. Aresistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read Lae | 


Sequences 
Povewiie «de 
Tine wef 
Tregewwrie i 


Note: X = Vin or Vit 


Vin or Vit 


| Mode =| Wit, | Move | Bytes _ initial Sequence 
START, Device Select, RW ='1’ 


TART, Devi lect, RW ='0',A 
mandom Address Read |_2_| _X |_| START, Device Select, ddress 


X 

X 

«| e386 
Tvnorve | + [START Device Soec. We 
a 


reSTART, Device Select, RW ='1’ 
1 to 256 As Current or Random Mode 


START, Device Select, RW = '0’ 
START, Device Select, RW = ’0’ 
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DEVICE OPERATION 


The ST24C02A supports the I@C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24C02A is always a slave 
device is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C02A continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 


Figure 4. I1?C Bus Protocol 


1 i 
! t 
' ' 
l t 
| 
! ' 

' ' 1 


—__—_—__> 


CONDITION 


! 2 5 


Figure 3. Typical Interface 


ST24CO2A 


VSS 


VA00791 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST24C02A and the bus master and forces the 
device into the standby power state. 


t—_—_§_§__Pt—__—__>> 
START SDA SDA 
INPUT CHANGE 


a Gee 
CONDITION 


7 8 9 


acc) ae oe Oe Ge 


—e——— START CONDITION 


STOP CONDITION a a 


VA00792 
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ST24C02A 


AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 7. Capacitance “) (Ta = 25 °C, f = 100 kHz ) 


Parameter 


Input Capacitance (SDA) 


Input Capacitance (Other) 
Note: 1. Sampled only not 100% tested. 


Figure 6. AC Waveforms 


STOP & 
CONDITION INPUT CHANGE BUS FREE 


SEL 
tCLQV tCLQx 


SDA OUT DATA VAUD X DATA VALID 


‘¢— DATA OUTPUT > 


¢_———————_ WRITE CYCLE ———~-——_»<+_____» 
' STOP ' ' START 
CONDITION CONDITION 


VAQ0795 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V) 


symbol TestCondition | Min 
Input Leakage Current OV < Vin S$ Voc P| 
Output Leakage Current ovsVoursVec | || 


) 
| 


: | al 
Tr [inputtigh votage SoLasoay | 
a ee ee cc 
ee ee nce 

(EO - E2, MODE) 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V) 


pat | Parameter | Min 
| toncne | te | ClockRiseTime =| 
Clock Falll Time |] 300 
ne 
=) 


a 
Ss a 
[ace | bosn [input towteGesktow Tan) Pe 
a 
er ee 
or | tere [chk tight inpttign STOP) | a 
es ae 

: os 


[tow | ocktigh io ouput Tension aeons 
| te | tsa Clock Frequency | 
Input Low Pass 1st Order Filter Time Lod 100 pone 
Constant (SCL & SDA Inputs) 
tw? | twa |wrtetime 


Notes: 1. For a re START condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


DEVICE OPERATION (cont'd) 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24C02A sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST24C02A, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code anda READ or WRITE 
instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I7C bus definition. For the ST24C02A these are 
fixed as 1010b (OAh). 


The following 3 bits identify the specific ST24C02A 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST24C02A's can be 
connected on the same bus giving a memory ca- 
pacity total of 16k bits. After a START condition all 
ST24C02A’s on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO - E2. If a match is found the correspond- 
ing ST24C02A will acknowledge the identification 
on the SDA bus during the 9th bit time. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at Vit. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Failure A failure after cycling is defined as any bit that cannot be written or loses its data after 

a subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST24C02A 


MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST24C02A acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes of the memory. After 
receipt of the byte address the ST24C02A again 
responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C02A. The master then terminates the trans- 
fer by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C02A. The transfer is terminated by the mas- 
ter generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vit. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same ’row’ in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24CO2A. After each byte 
is transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C02A will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 
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Figure 8. Read Modes Sequence 
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Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST24C02A has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST24C02A acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST24C02A acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


ORDERING INFORMATION 


ST24C02A M 


Example: 


B  PSDIP8 1 
0.25 mm Frame 


Temperature Range 


0 to 70 °C 


ST24C02A 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C02A continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out- 
put, but must generate a STOP sequence. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. After a 
count of 256 the address counter will 'roll-over’ and 
the memory will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24C02Awaits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C02A terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


013TR Tape & Reel 


3  -40to 125°C 
6 -—40to 85°C 


M PSO8 


Parts are shipped with the memory content set at all “1’s” (OFFh). 
For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 


the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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ST24C04 


SERIAL ACCESS CMOS 4K (2 by 256 x 8) EEPROM 


= 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 3V TO 5.5V POWER SUPPLY 
=» USER DEFINED WRITE PROTECT AREA 


= TWO WIRE SERIAL INTERFACE, FULLY I2C 
BUS COMPATIBLE 


» BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 


=» PAGE WRITE (UP TO 8 BYTES) 


# BYTE, RANDOM AND SEQUENTIAL READ 
MODES 


» SELF TIMED PROGRAMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST24C04 is a 4K bit electrically erasable pro- 
grammable memory (EEPROM), organised as 2 
blocks of 256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with adata 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 


The memory is compatible with the I°C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C04 carries a 
built-in 4 bit, unique device identification code cor- 
responding to the I°C bus definition. This is used 
together with a 2 bit chip enable input to form a 6 
bit memory select signal. In this way up to 4 


Table 1. Signal Names 


Supply Voltage 


May 1992 


14K za 
1 


1 


PSDIP8 (B) 


PSO14 (ML) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24C04 


VA00851 
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Figure 2A. DIP Pin Connections 


ST24C04 


VA00852 


Table 2. Absolute Maximum Ratings 


Storage Temperature 
Lead Temperature, Soldering 


Parameter 


Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


(PSO14 package) 
(PSDIP8 package) 


=< 
[eecrowateDschage tage Mech made iY toon 


Figure 2B. SO Pin Connections 


ST24C04 


—65 to 150 " 


C 
215 a 
e 


40 sec 
10 sec 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


ST24C04’s may be attached to the IC bus and 
selected individually. 


The ST24C04 behaves as a slave device in the I°C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 6 device select bits, one block select bit, 
plus one read/write bit and terminated by an ac- 
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 


receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 


Data in the upper block of the memory may be write 
protected. The protected area is programmable to 
start on any 8 byte boundary. Protection is enabled 
by setting a memory bit flag and the PRE signal 
input. 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
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OPERATING MODES (cont'd) 


the status of the PRE input determines whether 
protection is enabled or disabled. 


The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, 2 chip enable bits, one block select bit and 
one bit fora READ (RW = 1) or WRITE (RW = 0) 
operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at ViL. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 


the previous byte accessed is automatically incre- 
mented and the new byte read. 


Table 3. Device Select Code 


Bit 


Device Select 1 


Note: The MSB b7 ts sent first. 


Table 4. Operating Modes 


| Mode |W 


Vin or Vit 


Page Write 


Note: X = Vin or Vit 


| x |__| START, Device Select, RW ='0", Address 
| x | 110512 | As CURRENT or RANDOM Mode 


X 
X 
X 
x | ttos12 | 
po | vworve ft 
[Mutioytewrte || vn |_| START, Device Select, AW=) 
ae ee ee 


3T24C04 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at 1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 8 byte boundary. The address at which 
protection starts is defined by the contents of the 
upper 5 bits (b7- b3 of the top memory location 
(block 1, byte address 1FFh). Bit 2 of this memory 
location is used as a flag to indicate that the pro- 
tection is enabled (b2 = ’0’) or disabled (b2 = ’1’). 
The lower two bits, b1 & bO, are not used. The 
sequence to follow to use the memory protect 
feature is as follows: write the memory contents to 
be protected into the top of the upper block of the 
memory, up to location 1FEh. Then establish the 
memory protect area and set the protection by 
writing the correct contents into location 1FFh. The 
area will now be protected when the PRE signal is 
active (High). 


{| START Dove Sat R= 
1 [reSTART Dove See T= 
1 [START Device Set T= 
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Figure 3. Memory Protection Figure 4. Typical Interface 


Protect Location 


8 byte Protect Flag 
boundary Enable = O 
, address Disable = 1 


‘b7 b3ib2 we 
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Vss 
VA00854 


START SDA SDA STOP 
CONDITION INPUT CHANGE CONDITION 


1 Z 3 7 8 9 


STOP CONDITION ya 


VA00792 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 7. Capacitance “ (Ta = 25 °C, f = 100 kHz ) 


Input Capacitance (SDA) 
Input Capacitance (Other) 
Note: 1. Sampled only not 100% tested 


Figure 7. AC Waveforms 


tCHDX tCLDX 


| START! SDA SDA 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT 


¢— DATA OUTPUT —» 


tCHDH 


WRITE CYCLE —————_——_»<____» 
STOP ! ' START 
CONDITION CONDITION 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V) 


symbol Test Condition | Min 
Pe | Input Leakage Current OV < Vins Voc Ps 
| to _| Output Leakage Current OV<VoursVoo | | #2? | A 


lu < Vins 
ILO < < 
loc Supply Current f = 100kHz 
Supply Current (Standby) Vin = OV or Voc 
Input Low Voltage (SCL & SDA) 

Vit 

Vin 

VoL 


Input Low Voltage 23 

pom (E1 - E2, PRE, MODE) | | ee | os |v 
Input High Voltage 7 

pve (E1 - E2, PRE, MODE) || vemos | vert | ov | 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 8V to 5.5V) 


[symbot [at [win [we 
| os ae | 
Tiascs |e OeekFatting 
ma. aa. te) 
Tuna | |ipaattne 
an a 
a 

rs 

rs 

a7 


Parameter 


xox [toate Teston Gost Tanatin [250 

ee a ee 

on [tie [rpg wpattow (Gurr a 
} 


t T Input Low Pass 1st Order Filter Time 
oe Constant (SCL & SDA Inputs) 
: Co 


R 
tr 

R 
tr 
AA 
DH 


[Unit 
pus 
pms 
ps 
pms 
ps 
ps 
pus 
pus 
pus 
k 


Us 
ns 
US 
us 
Us 
Us 
Ls 
us 
us 
US 
us 
ns 
Hz 
ns 
ms 


tS) 

00 

00 

po | me 
Notes: 1. Fora re START condition, or following a write cycle. 


2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


Guarantee 


OPERATING MODE (cont'd) 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 4 bytes starts at the location just 
before the protected area then itis able to write over 
the first 3 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 1FFh plus 3 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 8 byte lower boundary of the protected 
area. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
Itis an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Enable (E1 - E2). These chip enable inputs 
are used to set the 2 least significant bits of the 6 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vgs to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi_ for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Protect Enable (PRE). This signal may be driven 
dynamically. It must be at Vit or Vin for the Byte 
Write mode, Vi for Multibyte Write mode or Vi for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Failire A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 


With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST24C04 


DEVICE OPERATION 


The ST24C04 supports the [°C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24C04 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
S1T24C04 continuously monitors the SDA and SCL 
signals fora START condition and will not respond 
unless one is given. 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDA signal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C04 
and the bus master and forces the device into the 
standby power state. 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24C04 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 
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Memory Addressing 


To start communication between the master and 
the slave ST24C04, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code, block select bit and 
a READ or WRITE instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For the ST24C04 these are fixed 
as 1010b (OAh). 


The following 2 bits identify the specific ST24C04 
on the bus. They are matched to the chip enable 
signals E1 - E2. Thus up to 4 ST24C04’s can be 
connected on the same bus giving a memory Ca- 
pacity total of 16k bits. After a START condition all 
ST24C04’s on the bus will identify the device code 
and compare the following 2 bits to the chip enable 
inputs E1 - E2. If a match is found the correspond- 
ing ST24C04 will acknowledge the identification on 
the SDA bus during the 9th bit time. 


The 7th bit sent selects one of the two blocks of 256 
bytes of the memory, effectively acting as memory 
address A8 (A7 - AO byte addresses are sent later). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at ViL. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST24C04 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C04 again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C04. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 


memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST24C04. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vit. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A8-A4) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST24C04. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ‘roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C04 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 


Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST24C04 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST24C04 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST24C04 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 
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Figure 8. Write Modes Sequence 
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CK 


Cae |, ae | oT! 


START RW 


ACK ACK 


MULTIBYTE 


STOP 
ACK 
| : 
DATA IN 2 


se 
AND it DEV SEL BYTE ADDR | DATA IN 1. | es 


PAGE WRITE 


START RW 
ACK ACK 
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| DATA INN il 


Figure 9. Read Modes Sequence 


ADDRESS L CATA, SUT | 
ADDRESS DEV: SEL DATA OUT 


READ START RW 


ACK 
RANDOM 
ADDRESS 


READ RW 


K 


CURRENT DEV SEL DATA OUT 1 


READ RW 


ACK ACK 


SEQUENTIAL 
RANDOM 
READ RW 


NO 
ACK 


=e| 


STOP 
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ACK 


ACK 


DATA OUT N 
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DEVICE OPERATION (cont'd) 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C04 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 


ORDERING INFORMATION 


Example: ST24C04 ML 


1 


Temperature Range 


mented after each byte output. After a count of 512 
the address counter will roll-over’ and the memory 
will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24C04 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST24C04 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


B  PSDIP8 1 Oto70°C O13TR Tape & Reel 
0.25 mm Frame 3 4010 125°C 
ME REO 6 -40 10 85°C 


Parts are shipped with the memory content set at all "1’s" (OFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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SERIAL ACCESS CMOS 8k (4 by 256 x 8) EEPROM 


» 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


# SINGLE 3V TO 5.5V POWER SUPPLY 
=» USER DEFINED WRITE PROTECT AREA 


= TWO WIRE SERIAL INTERFACE, FULLY I@C 
BUS COMPATIBLE 


» BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 
=» PAGE WRITE (UP TO 16 BYTES) 


=» BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

=» SELF TIMED PROGRAMING CYCLE 

=» AUTOMATIC ADDRESS INCREMENTING 


a» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST24C08 is an 8K bit electrically erasable 
programmable memory (EEPROM), organised as 
4 blocks of 256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 


The memory is compatible with the I@C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C08 carries a 
built-in 4 bit, unique device identification code 
corresponding to the I@C bus definition. This is used 
together with a chip enable input to form a 5 bit 
memory select signal. In this way up to 2 


Table 1. Signal Names 


Write Protect Enable 
Chip Enable Input 


May 1992 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST24C08 


VA00860 
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Table 2. Absolute Maximum Ratings 


TA Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 2G 
grade 6 —40 to 85 


Storage Temperature 65 to 150 
Lead Temperature, Soldering (PSDIP8 package) 10 sec 260 


Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) 


Note: Except for the rating "Operating Temperature Range", stresses above those listed In the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 
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DESCRIPTION (cont'd) 


ST24C08’s may be attached to the IC bus and 
selected individually. 


The ST24C08 behaves as a slave device in the IC 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 5 device select bits, 2 block select bits, 
plus one read/write bit and terminated by an ac- 
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 


Data in the upper block of the memory may be write 
protected. The protected area is programmable to 


Start on any 16 byte boundary. Protection is en- 
abled by setting a memory bit flag and the PRE 
signal input. 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 


The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, a chip enable bit, 2 block select bits and one 
bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 8 or upto 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at ViL. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes in the Page Write mode must 
have the same five upper address bits. 
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OPERATING MODES (cont'd) 


Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at ’1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 16 byte boundary. The address at 
which protection starts is defined by the contents 
of the upper 4 bits (b7- b4) of the top memory 
location (block 3, byte address 3FFh). Bit 3 of this 
memory location is always ’0’ and bit 2 is used as 
a flag to indicate that the protection is enabled (b2 
= '0’) or disabled (b2 = ’1’). The lower two bits, b1 
& bO, are not used. The sequence to follow to use 
the memory protect feature is as follows: write the 
memory contents to be protected into the top of the 


Table 3. Device Select Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Random Address Read 


eee aren [To 
a a 
[Deviceselect | 1 | o | 1 | o [| e& | a9 | as | AW 


| Mode | whit | move | Bytes | nial Sequence 
[CurrentAdcressRead |’ | x | tI START, Device Select, RW="1" 
po | x | ___ I START, Device Select, RW = 0" Address _ 
po] x ft | restart Device Select, Wa" 


ST24C08 


upper block of the memory, up to location 3FEh. 
Then establish the memory protect area and set 
the protection by writing the correct contents into 
location 3FFh. The area will now be protected when 
the PRE signal is active (High). 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). !f the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then itis able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 3FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up. 


[Sequenialhead |r | x | Trerear | as CURRENT orRANDOMMede 
Peyewite | Werte | 1 ( START Deva Stes Re 
Twuttiyewie | | vw | 8 [START Dove Sete avo 
Trasewite P| | 16 | STAR Device otc, Wet 


Note: X = Vin or Vit 
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Figure 3. Memory Protection Figure 4. Typical Interface 
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8 byte Protect Flag 
boundary Enable = O 
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Figure 5. IC Bus Protocol 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


Table 7. Capacitance ™) (Ta = 25 °C, f = 100 kHz ) 


| Symbol Parameter 


Cin Input Capacitance (SDA) 
Input Capacitance (Other) 


Note: 1. Sampled only not 100% tested 


Figure 7. AC Waveforms 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V) 


ee 
tae eee 
[e[Ouputtesiage Curent *| vs Vawrsvee | 
a 
a oni 
es [a 


lect 
[ve | rputtowvotage sous 
| Vin | input igh Votage(scLasoa, | |. 
[Wu [nut tow otage (PRE ModE) | ——~d;C 
pV ipantematnaia 
| Von 


Input High Voltage (E, PRE, MODE) 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V) 


Input Rise Time 
Input Fall Time 


tbHiDH2 


ae 


| Min | Max _| 
ane ae 
P| 00 
ee a 
| | 800 
Be 
a ee 
ee an ae 
a ae 
Se 
20 | 
a 
a 
pos | 35 
| 00 | 
piers 
anes 


ae ee CT 
| terox | tox | Glock High to Output Transition | 
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Notes: 1. For a re START condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


SIGNAL DESCRIPTION (cont’d) 


Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vcc 
or Vss to establish the device select code. Note that 
the Vit and Vin levels for the inputs are CMOS, not 
TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or ViL for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Protect Enable (PRE). This signal may be driven 
dynamically. It must be at Vi_ or Vin for the Byte 
Write mode, Vin for Multibyte Write mode or Vit for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 


DEVICE OPERATION 


The ST24C08 supports the I2C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is Known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24C08 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDA transitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C08 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDA signal while the clock 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST24C08 


SCL is stable in the high state. A STOP condition 
terminates communication between the ST24C08 
and the bus master and forces the device into the 
standby power state. 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24C08 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST24C08, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code, block select bits and 
a READ or WRITE instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For the ST24C08 these are fixed 
as 1010b (OAh). 


The following bit identifies the specific ST24C08 on 
the bus. It is matched to the chip enable signal E. 
Thus up to 2 ST24C08’s can be connected on the 
same bus giving a memory capacity total of 16k 
bits. After a START condition all ST24C08’s on the 
bus will identify the device code and compare the 
following bit to the chip enable inputs E. If a match 
is found the corresponding ST24C08 will acknowl- 
edge the identification on the SDA bus during the 
9th bit time. 


The 6th and 7th bits sent select one of the four 
blocks of 256 bytes of the memory, effectively 
acting as memory addresses AQ and A8 (A7 - AO 
byte addresses are sent later). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’’1’ for read and ’0’ for write operations. 


. 7/10 
Ly7 SS —_—_§_ 


397 


$T24C08 


DEVICE OPERATION (cont'd) 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Viq and the Page Write mode 
when this signal is at Vic. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin Or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
ST24C08 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C08 again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C08. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST24C08. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vi_. The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A9-A5) are the same. The master 
sends from 1-16 bytes of data, which are each 
acknowledged by the ST24C08. After each byte is 
transfered, the internal byte address counter (4 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C08 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 


8/10 ky SGS-TH 


Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST24C08 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST24C08 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST24C08 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Aa- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST24C08 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 
mented after each byte output. After a count of 
1024 the address counter will ’roll-over’ and the 
memory will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24C08 waits for an acknowledge during the 
Oth bit time. If the master does not pull the SDA line 
low during this time, the ST24C08 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 
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Figure 8. Write Modes Sequence 
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ORDERING INFORMATION 


Example: ST24C08 B 1 


Temperature Range 
B  PSDIP8 1 Oto 70°C 
0.25 mm Frame 3 A010 125°C 


6 -40to 85°C 


Parts are shipped with the memory content set at all "1’s" (OF Fh). 


For alist of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ky 36S, THOMSON ST24C16C 


SERIAL ACCESS CMOS 16K (8 by 256 x 8) EEPROM 


» 100,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


a SINGLE 4.5V TO 5.5V POWER SUPPLY 
=» USER DEFINED WRITE PROTECT AREA 


= TWO WIRE SERIAL INTERFACE, FULLY [°C 
BUS COMPATIBLE i Wa 
8 ; 


» BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 


» PAGE WRITE (UP TO 16 BYTES) 


=» BYTE, RANDOM AND SEQUENTIAL READ PSDIP8 (B) PSO14 (ML) 
MODES 0.25mm Frame 


» SELF TIMED PROGRAMING CYCLE 
=» AUTOMATIC ADDRESS INCREMENTING 


» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL Figure 1. Logic Diagram 


DESCRIPTION 


The ST24C16C is a 16K bit electrically erasable 
programmable memory (EEPROM), organised as 
8 blocks of 256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one hundred thousand erase/write cy- 
cles with a data retention of over 10 years. Both 
Plastic Dual-in-Line and Plastic Small Outline pack- 
ages are available. 


The memory is compatible with the I@C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST24C16C carries ST24C16C 
a built-in 4 bit, unique device identification code 
corresponding to the I°C bus definition. 


Table 1. Signal Names 
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VAGO866 


3ST24C16C 


Figure 2A. DIP Pin Connections 


STZ4C16C 


VA00867 


Table 2. Absolute Maximum Ratings 


Symbol 


TA Ambient Operating Temperature 


| Vio | Input or Output Voltages 


Vesp 


Parameter 


| Tete | Storage Temperature 
TLEAD Lead Temperature, Soldering (PSO14 package) 40 sec 215 °C 
(PSDIP8 package) 10 sec 260 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) 


Figure 2B. SO Pin Connections 


ST24C16C 


VA00868 


Warning: NC = No Connection 


grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


-65 10180 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operaticn of the device at these or any other conditions above those 
indicated in the Operating sections of this specification ts not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


The ST24C16C behaves as a slave device in the 
I7C protocol with all memory operations syn- 
chronised by the serial clock. 


Read and write operations are initiated by a START 
condition generated by the bus master. The START 
condition is followed by a stream of 4 device select 
bits, 3 block select bits, plus one read/write bit and 
terminated by an acknowledge bit. When writing 
data to the memory it responds to the 8 bits re- 


ceived by asserting an acknowledge bit during the 
9th bit time. When data is read by the bus master, 
it acknowledges the receipt of the data bytes in the 
same way. Data transfers are terminated with a 
STOP condition. 


Data in the upper 4 blocks of the memory may be 
write protected. The protected area is programma- 
ble to start on any 16 byte boundary. The block in 
which the protection starts is selected by the inputs 
PBO-PB1. Protection is enabled by setting a mem- 
ory bit flag and the PRE signal input. 
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OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 


The 8 bits sent after a START condition are made 
up of adevice select of 4 bits that identify the device 
type, 3 block select bits and one bit fora READ (RW 
= 1) or WRITE (RW = 0) operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


Byte Write. In this mode a device select is sent with 
the RW bit at '0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 8 or up to 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vi. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes in the Page Writemode must 
have the same five upper address bits. 


Table 3. Device Select Code 


Device Select 


Note: The MSB b7 Is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read 


Sequential Read a 


Byte Write 
Multibyte Write 


Note: X = Vin or Vi. 


uy 


ee 
Tw [se | |e |e] 2 
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x [1 
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ee 
P| e206 [as CURRENT or RANDOM Node 


a START, Device Select, RW = ’0’ 
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Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at 1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


Write Protect. Data in the upper 4 x 256 byte 
blocks of the memory may be write protected. The 
protection starts at any 16 byte boundary. The block 
containing the address at which protection starts is 
defined by the PBO- PB1 inputs (‘00b’ is block 4, 
'11b’is block 7). The address within this block is the 
contents of the upper 4 bits (b7-b4) of the top 
memory location (block 7, byte address 7FFh). Bit 
3 of this memory location is always ’0’ and bit 2 is 
used as a flag to indicate that the protection is 
enabled (b2 = ’0’) or disabled (b2 = 1’). The lower 
two bits, b1 & bO, are not used. The sequence to 
follow to use the memory protect feature is as 
follows: write the memory contents to be protected 


| bt | bo 


START, Device Select, RW = '1’ 
START, Device Select, RW ='0', Address 


START, Device Select, RW = '0’ 
START, Device Select, RW ='0’ 
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Figure 3. Memory Protection Figure 4. Typical Interface 
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16 byte Protect Flag 
boundary Enable = O 
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ST24C16C 


Vss 
VA00869 
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—>——<— START CONDITION 


ee Gee ae Ge 


VA00792 


4/10 - 
a—___________— ky $&6S-THOMSON 
404 


ST24C16C 


AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00B825 


Table 7. Capacitance ™ (Ta = 25 °C, f = 100 kHz ) 


Symbol Parameter 


Cin Input Capacitance (SDA) 


Cin Input Capacitance (Other) 
Note: 1. Sampled only not 100% tested 


Figure 7. AC Waveforms 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 4.5V to 5.5V) 


[symbot | Parameter __——_—| Test conan [win 

ty [putteatage Curent = vs VnsVer | 

[xo [Ouputtechge Curent | ev eVaneveo | 

a 
00 
a 


lu 

ILO 

loc 

Supply Current (Standby) Vin = OV or Voc 
Vit Input Low Voltage (SCL & SDA) 
Vin Input High Voltage (SCL & SDA) 
VIL 

VIH 

VoL 


Input Low Voltage 
Input High Voltage 
(PBO - PB1, PRE & MODE) 
| Vor__| Output Low Voltage | t=sma | |e 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 4.5V to 5.5V) 


4 
4 
4 

4 
5 


uf 
J 
0 


2 


tcLax 


fc 


Input Low Pass 1st Order Filter Time 
tLPF 1 


10 
Constant (SCL & SDA Inputs) : 


Notes: 1. For are START condition, or following a write cycle. 
2 Inthe Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


OPERATING MODE (cont'd) 


into the top of the upper blocks of the memory, up 
to location 7FEh. Then establish the memory pro- 
tect area by hardwiring PBO & PB1 and set the 
protection by writing the correct contents into loca- 
tion 7FFh. The area will now be protected when the 
PRE signal is active (High). 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then it is able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 7FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up. 


Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vcc 
or Vss to establish the device select code. Note that 
the Vit and Vin levels for the inputs are CMOS, not 
TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vi for Multibyte Write mode or Vit for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Protect Enable (PRE). This signal may be driven 
dynamically. It must be at Vit or Vin for the Byte 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
eaiure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
, subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST24C16C 


Write mode, Vin for Multibyte Write mode or Vit for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 


DEVICE OPERATION 


The ST24C16C supports the I°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST24C16C is always a slave 
device is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST24C16C continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST24C16C and the bus master and forces the 
device into the standby power state. 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST24C16C sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 
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Memory Addressing 


To start communication between the master and 
the slave ST24C16C, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code, block select bits and 
a READ or WRITE instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For the ST24C16C these are 
fixed as 1010b (OAh). 


After a START condition the ST24C16C will ac- 
knowledge on the SDA bus during the 9th bit time. 


The 5th, 6th and 7th bits sent select one of the 8 
blocks of 256 bytes of the memory, effectively 
acting as memory addresses A10 - A8 (A7 - AO byte 
addresses are sent later). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Viq and the Page Write mode 
when this signal is at Vit. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vint or Vi. 


Following a START condition the master sends a 
device select code with the RW bit reset to ‘0’. The 
ST24C16C acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST24C16C again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST24C16C. The master then terminates the trans- 
fer by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vi. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST24C16C. The transfer is terminated by the mas- 
ter generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vi_. The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same ’row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A9-A5) are the same. The master 
sends from 1-16 bytes of data, which are each 
acknowledged by the ST24C16C. After each byte 
is transfered, the internal byte address counter (4 
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least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ‘roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST24C16C will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 


Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST24C16C has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST24C16C acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to’1’. The ST24C016C acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
$T24C16C continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out- 
put; but must generate a STOP sequence. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. After a 
count of 2048 the address counter will ‘roll-over’ 
and the memory will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST24C16C waits for an acknowledge during 
the 9th bit time. If the master does not pull the SDA 
line low during this time, the ST24C16C terminates 
the data transfer and switches to a receiver state. 
The STOP condition is used only in the WRITE 
modes to initiate the write cycle and is ignored in 
the READ modes. 


MSON 
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Figure 8. Write Modes Sequence 
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Ter S|), erie bor |! pare 1h 


START STOP 
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START RW 


ACK ACK 
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Figure 9. Read Modes Sequence 
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START 


ACK ACK ACK 
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READ RW RW 


K ACK 
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CURRENT DEV’ SEL DATA OUT 1 DATA OUT N 


READ RW 


ACK ACK ACK 
SEQUENTIAL [ev SEL 
RANDOM Cee | 
READ RW RW 


NO 
ACK 


is | 


STOP 
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ORDERING INFORMATION 


Example: ST24C16C ML 1 O013TR 


Temperature Range | | Option 


B PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.25 mm Frame 3 —A0t0 125°C 


Mi: -EeOIs 6 -—40to 85°C 


Parts are shipped with the memory content set at all "1’s" (OFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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kyz 3&3 THOMSON ST25C01 


2.5V SERIAL ACCESS CMOS 1K (128 x 8) EEPROM 


=» 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


# SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 


= TWO WIRE SERIAL INTERFACE, FULLY |?C 
BUS COMPATIBLE 


= BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 


=» PAGE WRITE (UP TO 8 BYTES) 


» BYTE, RANDOM AND SEQUENTIAL READ 
jl ha PSDIP8 (B) 


=» SELF TIMED PROGRAMING CYCLE ee aa eae 
=» AUTOMATIC ADDRESS INCREMENTING 


=» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


{ 


DESCRIPTION Figure 1. Logic Diagram 


The ST25C01 is a 1K bit electrically erasable pro- 
grammable memory (EEPROM), organised as 128 
X 8 bits. It is manufactured in SGS-THOMSON’s 
Hi-Endurance Advanced CMOS technology which 
guarantees an endurance of more than one million 
erase/write cycles with a data retention of over 10 
years. The ST25C0O1 operates down to a supply 
voltage of 2.5V. Both Plastic Dual- in-Line and 
Plastic Small Outline packages are available. 


The memory is compatible with the I?C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C01 carries a 
built-in 4 bit, unique, device identification code cor- 
responding to the I@C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 


Table 1. Signal Names 


son | eo ere 
fs ewwicoe 
eo 
ee 
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Figure 2A. DIP Pin Connections 


SIZ5C0i 


VA00848 


Table 2. Absolute Maximum Ratings 


Symbol 


Ambient Operating Temperature 


Storage Temperature 


TLEAD Lead Temperature, Soldering 


Input or Output Voltages 


Parameter 


(PSO8 package) 
(PSDIP8 package) 


Electrostatic Discharge Voltage (Human Body model) 
ESD 


Electrostatic Discharge Voltage (Machine model) 


Figure 2B. SO Pin Connections 


Si20C0l 


VA00848 


grade 1 0 to 70 
grade 3 —40 to 125 
grade 6 —40 to 85 


-65 10 180 
215 és 


40 sec 
10 sec 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
. permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


ST25C01’s may be attached to the IC bus and 
selected individually. 


The ST25C01 behaves as a slave device in the IC 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 7 device select bits plus one read/write 
bit and terminated by an acknowledge bit. When 
writing data to the memory it responds to the 8 bits 
received by asserting an acknowledge bit during 
the 9th bit time. When data is read by the bus 
master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 


-to the device on the SDA bus line. For some Write 


modes the status of the MODE input is also used 
to set the operating mode. 


The 8 bits sent after a START condition are made 
up of 4 bits that identify the device type, 3 chip 
enable bits and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


nated with a STOP condition. 
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OPERATING MODES (cont'd) 


Byte Write. In this mode a device select is sent with 
the RW bit at '0’, followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vit. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at ’1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. Adevice select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at ’1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 


Table 3. Device Select Code 


Device Select —a 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read 


Sequential Read <a 


X 


Byte Write 
Multibyte Write 


Note: X = Vin or Vit. 


= a 


ae 
a ee 


re 


ie Sai SE START, Device Select, RW ='0', Address 
a ae 

ae ae 1 to 128 As Current or Random Mode 
eae. START, Device Select, RW ='0 


$T25C01 


quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals on 
the bus. Aresistor must be connected from the SDA 
bus line to Vcc to act as pull up. 


Chip Enable (E0 - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vss to establish the device 
select code. Note that the Vit and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Chip Enable | RW 


reSTART, Device Select, RW ="1’ 
START, Device Select, RW = '0’ 
START, Device Select, RW ='0’ 
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DEVICE OPERATION 


The ST25C01 supports the [°C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST25C01 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C01 continuously monitors the SDA and SCL 
signals for a START condition and will not respond 
unless one is given. 


Figure 4. I?C Bus Protocol 


Figure 3. Typical Interface 


ST25C01 


Vss 
VA0O8SO 


Stop Condition. STOP is identified by a low to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C01 
and the bus master and forces the device into the 
standby power state. 


SDA SDA STOP 


CONDITION INPUT CHANGE CONDITION 


a START CONDITION 


STOP CONDITION ee 


VA00792 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 7. Capacitance ™ (Ta = 25 °C, f = 100 kHz) 


| Symbol Parameter 


Input Capacitance (SDA) 
Input Capacitance (Other) 


Note: 1. Sampled only and not 100%. tested. 


Figure 6. AC Waveforms 


<<—_—_—_———_ > 


SDA ' SDA | © SS TOP “é& 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT | 


¢— DATA OUTPUT 


: 


¢_pe——_ WRITE CYCLE ————__»<«_____» 


‘ STOP ' ' START 
CONDITION CONDITION 


VA0Q795 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


Tio | out testage Curent ‘| evs veursveo 
Tice | Supsycurert ———*dCeo 2V  1 


0.3 Vcc 


lLo 
loc 
( 

| Vu | ImputtowVotage(scLasda) | | H08 
| Vn | input High Votage (ScLaspa) | | OP Vee 
Vi aa 
Vi _ 
VoL 


Vec+ 1 


0.5 


Supply Current (Standby) eee 


Pee Input Low Voltage (EO - E2, MODE) -0.3 
LV Input High Voltage (EO - E2, MODE) Vcc —0.5 
VoL Output Low Voltage lo. =2.1mA 


Vec + 1 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


wow 


00 


Input Rise Time 
Input Fall Time 
Clock High to Input Transition 


B 


300 ns 


Olock Pulse Width High 


ensee ean 


Clock Low to Input Transition 


i 
N 


. 

| tac | tm | ClockLowtoOutputvaid | 

fee Input Low Pass ist Order Filter Time 
Constant (SCL & SDA Inputs) 


Notes: 1. For a re START condition, or following a write cycle. 
2 Inthe Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 


4.7 
4 
4 

250 


tr 
tr 
tr 
tr 
taA 3.5 
tbH 


oA [A 
oyN]N 


100 KHz 


100 


ae 
n 


4 
oO 
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Table 8. Endurance and Data Retention 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 


Satire A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 


ST25C01 


With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


DEVICE OPERATION (cont'd) 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST25C01 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST25C01, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code anda READ or WRITE 
instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I°C bus definition. For the ST25C01 these are fixed 
as 1010b (OAh). 


The following 3 bits identify the specific ST25C01 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST25C01’s can be 
connected on the same bus giving a memory Ca- 
pacity total of 16k bits. After a START condition all 
ST25C01’s on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO - E2. If a match is found the correspond- 
ing ST25C01 will acknowledge the identification on 
the SDA bus during the 9th bit time. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at Vit. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 


ky7 SGSSTHOMSON 


MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST25C01 acknowledges this and waits for a byte 
address. The byte address of 8 bits (the MSB, bit 
7, iS not used or’don’t care’) provides access to any 
of the 128 bytes of the memory. After receipt of the 
byte address the ST25C01 again responds with an 
acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C01. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
$T25C01. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vi_. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25C01. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C01 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 


ACK ACK ACK 


i DEV SEL BYTE ADDR DATA IN il 
RW. 


START STOP 


ACK ACK ACK 


MULTIBYTE — 
PAGE WRITE = vee 
RW 


START 
ACK ACK 


ee | 
a DATA IN N ii 
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Figure 8. Read Modes Sequence 


ene | DATA OUT 
vis ATA QUT 
ADDRESS is a zs 


READ START RW 


ACK ACK ACK 


a EE 
TOnpe ee DEV SEL BYTE ADDR |'| | | DEV SEL DATA OUT 


READ i 


ACK 


a | DATA OUT 1 | DATA OUT N 
Ae Oust. <1 
CURRENT DAT DATA OUT N 


READ 


a a. ACK 
cae | BYTE ADDR | '| | | DEV SEL, | 

DEV SEL 

aay BYTE ADDR g DEV SEL 

READ RW START R 


NO 
ACK 


| 


STOP VA00794 
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Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The S7T25C01 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST25C01 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to’1’. The ST25C01 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


ORDERING INFORMATION 


Example: 9125C01 M 


{ 


ST25C01 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ac- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C01 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 
mented after each byte output. After a count of 128 
the address counter will ’roll-over’ and the memory 
will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST25C01 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C01 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


B PSDIP8 | 
0.25 mm Frame 


0 to 70 °C 


013TR Tape & Reel 


3 40 to 125 °C 
6 -40 to 85°C 


M PSO8 


Parts are shipped with the memory content set at all "1’s" (OFFh). 
For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 


Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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ST25C02A 


2.5V SERIAL ACCESS CMOS 2K (256 x 8) EEPROM 


# 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 

= TWO WIRE SERIAL INTERFACE, FULLY [?C 
BUS COMPATIBLE 

= BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 

= PAGE WRITE (UP TO 8 BYTES) 

= BYTE, RANDOM AND SEQUENTIAL READ 
MODES 

= SELF TIMED PROGRAMING CYCLE 

s AUTOMATIC ADDRESS INCREMENTING 


=» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST25C02A is a 2K bit electrically erasable 
programmable memory (EEPROM), organised as 
256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. The ST25CO2A oper- 
ates down to a supply voltage of 2.5V. Both Plastic 
Dual- in-Line and Plastic Small Outline packages 
are available. 


The memory is compatible with the I°C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C02A carries 
a built-in 4 bit, unique device identification code 
corresponding to the I°C bus definition. This is used 
together with a 3 bit chip enable input to form a 7 
bit memory select signal. In this way up to 8 


Table 1. Signal Names 


Chip Enable Inputs 
Serial Data Address Input Output 


SCL Serial Clock 


MODE Write Mode 


Supply Voltage 


Ground 


May 1992 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST25CO2A 


VA00843 
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Figure 2A. DIP Pin Connections 


sTZ5COZA 


VA00844 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Input or Output Voltages 


( 


Electrostatic Discharge Voltage 


(PSO8 package) 
(PSDIP8 package) 


Electrostatic Discharge Voltage (Human Body model) 


Supply Voltage —0.3 to 6.5 


Machine model) 


Figure 2B. SO Pin Connections 


STZ5COZA 


VA00845 


0 to 70 
—40 to 125 
—40 to 85 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


4000 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DESCRIPTION (cont'd) 


ST25C02A's may be attached to the I?C bus and 
selected individually. 


The ST25C02A behaves as a slave device in the 
I7C protocol with all memory operations syn- 
chronised by the serial clock. Read and write oper- 
ations are initiated by a START condition generated 
by the bus master. The START condition is followed 
by a-stream of 7 device select bits plus one 
read/write bit and terminated by an acknowledge 
bit. When writing data to the memory it responds to 
the 8 bits received by asserting an acknowledge bit 
during the 9th bit time. When data is read by the 
bus master, it acknowledges the receipt of the data 
bytes in the same way. Data transfers are termi- 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. 


The 8 bits sent after a START condition are made 
up of 4 bits that identify the device type, 3 chip 
enable bits and one bit for a READ (RW = 1) or 
WRITE (RW = 0) operation. 

There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


nated with a STOP condition. 
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OPERATING MODES (cont'd) 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is follwed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vic. A device select 
is sent with the RW bit at 0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. Adevice select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at 1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 


Table 3. Device Select Code 


Device Code 


ST25C02A 


quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Enable (EO - E2). These chip enable inputs 
are used to set the 3 least significant bits of the 7 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vss to establish the device 
select code. Note that the Vi_ and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vi_ or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Chip Enable 


Device Select 


Note: The MSB b7 Is sent first. 


Table 4. Operating Modes 


Sequential Read 
Byte Write 


Vin or Vit 


Page Write 


Note: X = Vin or Vit 


it_| move | Bytes initial Sequence 
ie a a oe START, Device Select, RW = ’1’ 
TART, D lect, RW = '0’, Addres 
nandom Address Read |__| |__| START, Device Select, RW = 0" Address 
pov | x | it __| res tat, Device Select, RW = "1 
px | tto2s6 As CURRENT or RANDOM Mode 


X 
X 
X 
X 
P| Morve | 
[Mutibytewrte |_| || START, Device Select, RW =") 
a ee 


START, Device Select, RW ='0’ 
START, Device Select, RW ='0’ 
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DEVICE OPERATION 


The ST25C02A supports the I°C protocol. This 
protocol defines any device that sends data onto 
the bus as a transmitter and any device that reads 
the data as a receiver. The device that controls the 
data transfer is known as the master and the other 
as the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST25CO2A is always a slave 
device is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C02A continuously monitors the SDA and 
SCL signals for a START condition and will not 
respond unless one is given. 


Figure 4. IC Bus Protocol 


Figure 3. Typical Interface 


STZ5COZA 


VSs 


VA00846 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the 
ST25C02A and the bus master and forces the 
device into the standby power state. 


il ek 


t t 


CONDITION 


’ 2 3 


cs ae ae ae 


SDA SDA 
INPUT CHANGE 


SLOP 
CONDITION 


t 8 a 


aC) ae Oe Oe 


—»——<— START CONDITION 


g 


STOP CONDITION —»%——~—— 
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AC MEASUREMENT CONDITIONS Figure 5. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 7. Capacitance™) (Ta = 25 °C, f = 100 kHz) 


Symbol Parameter 


Cin Input Capacitance (SDA) 
Cin Input Capacitance (Other) 


Note: 1.Sampled only and not 100% tested. 


Figure 6. AC Waveforms 


tCLDX —™ 
' SDA ' SDA ° ' STOP & 
CONDITION INPUT CHANGE BUS FREE 


SDA OUT | 


'¢— DATA OUTPUT > 


C 


¢<—_——¢————_ WRITE CYCLE ———————_»+____> 
‘ STOP ' ' START 
CONDITION CONDITION 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


Lite 2 Input Leakage Current OV <Vin< Voc ro 
ie Output Leakage Current OV < Vout $ Vcc ee LA 


| 

| 

| Supply Current 
Supply Current (Standby) 
Input Low Voltage (SCL & SDA) © ; 

VIH Input High Voltage (SCL & SDA) Voc + 1 


Input Low Voltage 03 
(EO - E2, MODE) 
(EO - E2, MODE) Sf Meenas | veo | ov 


0.5 
Output Low Voltage lol = 2.1MA a i 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 2.5V to 5.5V) 


a ee oe 
[Gecktietme 
[oeckFattme 
[noutRsetine 
lrouFattme aos 
nH —a 
ae 
aa 


LI 
LO 
cc 

IL 


Input High Voltage 


VoL 


L - 


t 


F 
tr 
tr 


tc 

two TA 

tsuoar__| Input Transition to Clock Transition |_ 250 | 

tsusto__| Clock High to mputHigh (stor) =| 47 | | 

tsur___| InputHigh to Input Low (Bus Free) | a7 | 

tm 
Ty 


fsc.__| Clock Frequency oe 
t Input Low Pass 1st Order Filter Time 
ai Constant (SCL & SDA Inputs) 


Notes: 1 For are START condition, or following a write cycle 
2. Inthe Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


DEVICE OPERATION (cont'd) 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST25C02A sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST25C02A, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code anda READ or WRITE 
instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For the ST25CO2A these are 
fixed as 1010b (OAh). 


The following 3 bits identify the specific ST25C02A 
on the bus. They are matched to the chip enable 
signals EO - E2. Thus up to 8 ST25C02A's can be 
connected on the same bus giving a memory ca- 
pacity total of 16k bits. After a START condition all 
ST25CO02A's on the bus will identify the device code 
and compare the following 3 bits to the chip enable 
inputs EO - E2. lf a match is found the correspond- 
ing ST25C02A will acknowledge the identification 
on the SDA bus during the 9th bit time. 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at Vi. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Pailice A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 


With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST25C02A 


MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended thatthe signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to ’0’. The 
ST25C02A acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes of the memory. After 
receipt of the byte address the ST25C02A again 
responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C02A. The master then terminates the trans- 
fer by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
ST25CO2A. The transfer is terminated by the mas- 
ter generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vic. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A7-A3) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25CO2A. After each byte 
is transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C02A will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 
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Figure 7. Write Modes Sequence 


MULTIBYTE 


AND 


ACK 


BYTE ADDR 


DEV SEL DATA IN 


START RW 


DEV SEL: 


ACK 


PAGE WRITE 


qf 
BYTE ADDR DATA IN 1 DY ee 
START RW 


ACK ACK 


7 
; DATA IN _N 
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Figure 8. Read Modes Sequence 


CURRENT 
ADDRESS 
READ 


RANDOM 
ADDRESS 
READ 


SEQUENTIAL 
CURRENT 
READ 


SEQUENTIAL 
RANDOM 
READ 
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DEV SEL 


DATA QUT 


START RW 


ACK ACK ACK 


DEV SEL | BYTE ADDR IP DEM SEL DATA OUT 


| 
hs 
START RW RW 


K ACK 


DATA OUT 1 DATA OUT N 


DEV SEL 


RW 


ACK ACK ACK 


RW 


NO 
ACK 


hayes 
| DATA OUT N if 


STOP VA00794 
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Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST25C02A has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST25C02A acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST25C02A acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


ORDERING INFORMATION 


ST25C02A M 


Example: 


B PSDIP8 1 
0.25 mm Frame 


1 


Temperature Range 


0 to 70°C 


ST25C02A 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C02A continues to output the next byte in 
sequence. To terminate the stream of bytes the 
master must NOT acknowledge the last byte out- 
put, but must generate a STOP sequence. The 
output data is from consecutive byte addresses, 
with the internal byte address counter automati- 
cally incremented after each byte output. After a 
count of 256 the address counter will ‘roll-over’ and 
the memory will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST25C02A waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25CO2A terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


013TR Tape & Reel 


3 40 to 125°C 
6 -40to 85°C 


M PSO8 


Parts are shipped with the memory content set at all “1’s” (OF Fh). 
For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 


Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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MICROELECTRONICS 


2.5V SERIAL ACCESS CMOS 4K (2 by 256 x 8) EEPROM 


# 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 2.5V TO 5.5V POWER SUPPLY 
=» USER DEFINED WRITE PROTECT AREA 


= TWO WIRE SERIAL INTERFACE, FULLY |I?C 
BUS COMPATIBLE 


= BYTE AND MULTIBYTE WRITE (UP TO 4 
BYTES) 


=» PAGE WRITE (UP TO 8 BYTES) 


=» BYTE, RANDOM AND SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


=» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST25C04 is a 4K bit electrically erasable pro- 
grammable memory (EEPROM), organised as 2 
blocks of 256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 


The memory is compatible with the I?C standard, 
two wire, Serial interface which uses a bi-directional 
data bus and serial clock. The ST25C04 carries a 
built-in 4 bit, unique device identification code cor- 
responding to the I?C bus definition. This is used 
together with a 2 bit chip enable input to form a 6 
bit memory select signal. In this way up to 4 


Table 1. Signal Names 


MODE 
Supply Voltage 


Ground 


May 1992 


14K Zz 
1 


1 


PSDIP8 (B) 


PSO14 (ML) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST25C04 


VAQ0855 
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Figure 2A. DIP Pin Connections 


ST25C04 


VA00857 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


TstG Storage Temperature 


Lead Temperature, Soldering 
Input or Output Voltages —0.3 to 6.5 


(PSO14 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


ST25C04 


grade 1 
grade 3 
grade 6 


—40 to 125 
—40 to 85 


215 


40 sec 
10 sec 


Electrostatic Discharge Voltage (Human Body model) 


Electrostatic Discharge Voltage (Machine model) 


Supply Voltage —0.3 to 6.5 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


ST25C04’s may be attached to the IC bus and 
selected individually. 


The ST25C04 behaves as a slave device in the I°C 


protocol with all memory operations synchronised ° 


by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 6 device select bits, one block select bit, 
plus one read/write bit and terminated by an ac- 
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 


is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 


Data in the upper block of the memory may be write 
protected. The protected area is programmable to 
start on any 8 byte boundary. Protection is enabled 
by a memory bit flag and the PRE signal input. 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 


2/10 : 
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OPERATING MODES (cont'd) 


to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 


The 8 bits sent after a START condition are made 
up of a device select of 4 bits that identify the device 
type, 2 chip enable bits, one block select bit and 
one bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 4 or up to 8 bytes respectively may be written 
in One programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vi. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes written in the Page Write mode 
must have the same five upper address bits. 


Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 


Table 3. Device Select Code 


Bit 


Device Select 1 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read —— 
4 


favewie iP 
Tite wie 
Prego wie do 


Note: X = Vin or Vit 


: . Block ad 


A 
Le 


[moor [ees tseguee 
ee ee 
[x | iwsie [as cURENT or RaNow no 


Xx 
Xx 
= 
X 
oe a 
ee "a 
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the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. A device select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at 1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 8 byte boundary. The address at which 
protection starts is defined by the contents of the 
upper 5 bits (b7- b3 of the top memory location 
(block 1, byte address 1FFh). Bit 2 of this memory 
location is used as a flag to indicate that the pro- 
tection is enabled (b2 = ’0’) or disabled (b2 = '1’). 
The lower two bits, b1 & b0O, are not used. The 
sequence to follow to use the memory protect 
feature is as follows: write the memory contents to 
be protected into the top of the upper block of the 
memory, up to location 1FEh. Then establish the 
memory protect area and set the protection by 
writing the correct contents into location 1FFh. The 
area will now be protected when the PRE signal is 
active (High). 


1 START, Device Select, RW 
1 
1 


reSTART, Device Select, RW 


START, Device Select, RW = 0 


THOMSON, —“—‘“—™—C—C—C—CSCD 
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Figure 3. Memory Protection Figure 4. Typical Interface 


Protect Location 


8 byte Protect Flag 
boundary Enable = O 
, address Disable = 1 


SI ZOCO04 


VAQ0859 


‘Bik O 


VAO00855 


Figure 5. I?C Bus Protocol 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 50ns 
Input Pulse Voltages | 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VAQ0825 


Table 7. Capacitance ) (Ta = 25 °C, f = 100 kHz ) 


Parameter 


Input Capacitance (SDA) 


Input Capacitance (Other) 
Note: 1. Sampled only not 100% tested 


Figure 7. AC Waveforms 
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Table 5. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


in 
7 


Test Condition 


Supply Current (Standby) Voc = 2.5V, Vin = OV or Voc 
Input Low Voltage (SCL & SDA) 
) 


li 

ILo 

Icc 

Vit : 
i ee eee 
Vit 

Vin 

VoL 


Input Low Voltage 

pw eee ee 
Input High Voltage 
(E1 - E2, PRE, MODE) 

Vo Output Low Voltage lo. = 3mA 


Table 6. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 2.5V to 5.5V) 


| towone | ta__| Clock Rise Time re eae ee 
Clock Fall Time P| 00 | 
Input Rise Time 
input Fall Time [| a90 | ns 
Clock High to Input Transition ao 
Clock Pulse Width High a as ao 
Input Low to Clock Low (START) Poa fT os | 
Clock Low to Input Transition a a i aa 
Clock Pulse Width Low i ee ee oe 
Input Transition to Clock Transition 250 | | ons | 
Stock High to Input High (STOP) a ae 
Input High to Input Low (Bus Free) foa7 | dos | 
Clock Low to Output Valid 
Clock High to Output Transition 

| 

R 


b 
ro) 
fo) 
Hl 
< 
Q 
O 
< 


- 
: 
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w 
oO 
oO 
=) 
: 


fc Clock Frequency 


t T Input Low Pass 1st Order Filter Time Constant 
ne (SCL & SDA Inputs) 
ae 


Write Time 
Notes: 1. For a re START condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


OPERATING MODE (cont'd) 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 4 bytes starts at the location just 
before the protected area then it is able to write over 
the first 3 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 1 FFh plus 3 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 8 byte lower boundary of the protected 
area. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Enable (E1 - E2). These chip enable inputs 
are used to set the 2 least significant bits of the 6 
bit device select code. They may be driven dynam- 
ically or tied to Vcc or Vss to establish the device 
select code. Note that the Vi_ and Vin levels for the 
inputs are CMOS, not TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vit or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vit for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Protect Enable (PRE). This signal may be driven 
dynamically. It must be at Vit or Vin for the Byte 
Write mode, Vin for Multibyte Write mode or Vi for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST25C04 


DEVICE OPERATION 


The ST25C04 supports the I°C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST25C04 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
9125C04 continuously monitors the SDA and SCL 
signals fora START condition and will not respond 
unless one is given. 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 
SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C04 
and the bus master and forces the device into the 
standby power state. 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST25C04 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 
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Memory Addressing 


To start communication between the master and 
the slave ST25C04, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code, block select bit and 
a READ or WRITE instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
I?C bus definition. For the ST25C04 these are fixed 
as 1010b (OAh). 


The following 2 bits identify the specific ST25C04 
on the bus. They are matched to the chip enable 
signals E1 - E2. Thus up to 4 ST25C04’s can be 
connected on the same bus giving a memory ca- 
pacity total of 16k bits. After a START condition all 
ST25C04’s on the bus will identify the device code 
and compare the following 2 bits to the chip enable 
inputs E1 - E2. If a match is found the correspond- 
ing ST25C04 will acknowledge the identification on 
the SDA bus during the 9th bit time. 


The 7th bit sent selects one of the two blocks of 256 
bytes of the memory, effectively acting as memory 
address A8 (A7 - AO byte addresses are sent later). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to ’’1’ for read and ’0’ for write operations. 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at Vit. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
ST25C04 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST25C04 again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C04. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 


memory. The master sends from one up to 4 bytes 
of data, which are each acknowledged by the 
$T25C04. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vit. The Page Write mode allows up to 
8 bytes to be written in a single write cycle, provided 
that they are all located in the same ‘row’ in the 
memory: that is the 5 most significant memory 
address bits (A8-A4) are the same. The master 
sends from 1-8 bytes of data, which are each 
acknowledged by the ST25C04. After each byte is 
transfered, the internal byte address counter (3 
least significant bits only) is incremented. The 
transfer is terminated by the master generating a 
STOP condition. Care must be taken to avoid ad- 
dress counter ’roll-over’ which could result in data 
being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C04 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 


Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The S1T25C04 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST25C04 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST25C04 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 
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Figure 8. Write Modes Sequence 
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Figure 9. Read Modes Sequence 
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DEVICE OPERATION (cont'd) 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C04 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 


ORDERING INFORMATION 


ML 


ST25C04 


Example: 


B  PSDIP8 1 
0.25 mm Frame 


ML PSO14 


1 


Temperature Range 


0 to 70 °C 
3 -40t0 125°C 
6 -—40to 85°C 


mented after each byte output. After a count of 512 
the address counter will ’roll-over’ and the memory 
will continue to output data. 


Acknowledge in Read Mode. In all read modes 
the ST25C04 waits for an acknowledge during the 
Oth bit time. If the master does not pull the SDAline 
low during this time, the ST25C04 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 


013TR 


013TR Tape & Reel 


Parts are shipped with the memory content set at all "1’s" (OFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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2.5V SERIAL ACCESS CMOS 8K (4 by 256 x 8) EEPROM 


= 1,000,000 ERASE/WRITE CYCLES MINIMUM, 
WITH OVER 10 YEARS DATA RETENTION 


# SINGLE 2.5V TO 5.5V POWER SUPPLY 
=» USER DEFINED WRITE PROTECT AREA 


= TWO WIRE SERIAL INTERFACE, FULLY [°C 
BUS COMPATIBLE 


= BYTE AND MULTIBYTE WRITE (UP TO 8 
BYTES) 


=» PAGE WRITE (UP TO 16 BYTES) 


» BYTE, RANDOM AND SEQUENTIAL READ 
MODES 


=» SELF TIMED PROGRAMING CYCLE 
» AUTOMATIC ADDRESS INCREMENTING 


=» GUARANTED 4kV ESD PROTECTION, USING 
HUMAN BODY MODEL 


DESCRIPTION 


The ST25C08 is an 8K bit electrically erasable 
programmable memory (EEPROM), organised as 
4 blocks of 256 x 8 bits. It is manufactured in SGS- 
THOMSON’s Hi-Endurance Advanced CMOS 
technology which guarantees an endurance of 
more than one million erase/write cycles with a data 
retention of over 10 years. Both Plastic Dual-in-Line 
and Plastic Small Outline packages are available. 


The memory is compatible with the I2C standard, 
two wire, serial interface which uses a bi-directional 
data bus and serial clock. The ST25C08 carries a 
built-in 4 bit, unique, device identification code cor- 
responding to the I@C bus definition. This is used 
together with a chip enable input to form a 5 bit 
memory select signal. In this way up to 2 


Table 1. Signal Names 


/ PRE Write Protect Enable 
a sala Enable Input 


i eee 
[vss | Ground 


May 1992 


1 


PSDIP8 (B) 
0.25mm Frame 


Figure 1. Logic Diagram 


ST25C08 


VAO00863 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


grade 1 0 to 70 


grade 3 —40 to 125 °C 
grade 6 —40 to 85 


Storage Temperature —65 to 150 pc | 
Lead Temperature, Soldering (PSDIP8 package) 10sec ee 


Vio Input or Output Voltages 


Electrostatic Discharge Voltage (Human Body model) 


Vesp 


Electrostatic Discharge Voltage (Machine model) 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2. DIP Pin Connections 


SI ZaC0e 


VA0086 4 


DESCRIPTION (cont'd) 


ST25C08’s may be attached to the I?C bus and 
selected individually. 


The ST25C08 behaves as a slave device in the I?C 
protocol with all memory operations synchronised 
by the serial clock. Read and write operations are 
initiated by a START condition generated by the 
bus master. The START condition is followed by a 
stream of 5 device select bits, 2 block select bits, 
plus one read/write bit and terminated by an ac- 
knowledge bit. When writing data to the memory it 
responds to the 8 bits received by asserting an 
acknowledge bit during the 9th bit time. When data 
is read by the bus master, it acknowledges the 
receipt of the data bytes in the same way. Data 
transfers are terminated with a STOP condition. 


Data in the upper block of the memory may be write 
protected. The protected area is programmable to 


start on any 16 byte boundary. Protection is en- 
abled by setting a memory bit flag and the PRE 
signal input. 


OPERATING MODES 


There are both Read and Write modes. Each is 
entered by the correct sequence of serial bits sent 
to the device on the SDA bus line. For some Write 
modes the status of the MODE input is also used 
to set the operating mode. For the Protect mode 
the status of the PRE input determines whether 
protection is enabled or disabled. 


The 8 bits sent after a START condition are made 
up of adevice select of 4 bits that identify the device 
type, a chip enable bit, 2 block select bits and one 
bit for a READ (RW = 1) or WRITE (RW = 0) 
operation. 


There are three modes both for read and write. 
These are summarised in Table 4 and described 
below. 


Byte Write. In this mode a device select is sent with 
the RW bit at ’0’, followed by the address of the 
byte. This is followed by the 8 bit data to be written 
during the programing cycle. 


Multibyte Write and Page Write. In these modes 
up to 8 or up to 16 bytes respectively may be written 
in one programing cycle. Multibyte Write mode is 
activated when the MODE pin is at Vin level and 
Page Write when MODE is at Vi. A device select 
is sent with the RW bit at ’0’, followed by the 
address of the first byte. This is followed by the data 
bytes to write. The bytes are written in the program- 
ing cycle. All 8 bytes in the Page Write mode must 
have the same five upper address bits. 
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OPERATING MODES (cont'd) 


Current Address Read. In this mode the device 
select is sent with the RW bit at 1’. The address of 
the previous byte accessed is automatically incre- 
mented and the new byte read. 


Random Address Read. This mode allows ran- 
dom access to the memory. Adevice select is sent 
with the RW bit at ’0’ (write), followed by the byte 
address. Then a new START condition is forced 
with the same device select is sent with the RW bit 
at 1’ (read) and the byte is read. 


Sequential Read. This mode starts with either a 
Current Address or Random Address read se- 
quence, it reads consecutive bytes as long as the 
bus master acknowledges each one without gen- 
erating a STOP condition. 


Write Protect. Data in the upper 256 byte block of 
the memory may be write protected. The protection 
starts at any 16 byte boundary. The address at 
which protection starts is defined by the contents 
of the upper 4 bits (b7- b4) of the top memory 
location (block 3, byte address 3FFh). Bit 3 of this 
memory location is always ’0’ and bit 2 is used as 
a flag to indicate that the protection is enabled (b2 
= '0’) or disabled (b2 = ’1’). The lower two bits, b1 
& bO, are not used. The sequence to follow to use 
the memory protect feature is as follows: write the 
memory contents to be protected into the top of the 


Table 3. Device Select Code 


Device 
Code 


Note: The MSB b7 is sent first. 


Table 4. Operating Modes 


Current Address Read 


Random Address Read 


| 
Sequential Read a 


Note: X = Vin or Vit 


pat f tr] te ||| ts | te | lt 
[Deviesoet | 1 | o | 1 | o | © | as | as | RW 


aor [wove [ores 
7 


Byte Write || Vivo 
Multibyte Writ a ae 
poo | 


ST25C08 


upper block of the memory, up to location 3FEh. 
Then establish the memory protect area and set 
the protection by writing the correct contents into 
location 3FFh. The area will now be protected when 
the PRE signal is active (High). 


Caution: Special attention must be used when 
using the protect mode together with the Multibyte 
Write mode (MODE input High). If the Multibyte 
write of up to 8 bytes starts at the location just 
before the protected area then itis able to write over 
the first 7 bytes in the protected area. The true area 
protected is therefore smaller and equal to the 
content of defined in the location 3FFh plus 7 bytes. 
This does not apply to the Page write mode as the 
address counter rolls over and thus cannot go 
above the 16 byte lower boundary of the protected 
area. 


SIGNAL DESCRIPTIONS 


Serial Clock (SCL). The SCL input is used to 
synchronise all Data In and Data Out of the mem- 
ory. Aresistor must be connected from the SCL line 
to Vcc to act as a pull up. 


Serial Data (SDA). The SDA signal is bi-directional 
and used to transfer data in or out of the memory. 
It is an open drain output that may be wire-OR’ed 
with other open drain or open collector signals 
on the bus. A resistor must be connected from the 
SDA bus line to Vcc to act as pull up. 


Chip Block 7 


Initial Sequence 


START, Device Select, RW = '1’ 
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Figure 3. Memory Protection 


Protect Location 


8 byte Protect Flag 
boundary Enable = OQ 
_ address Disable = = 4 at 


'b7 D3: b2. 


‘Bik O 
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Figure 5. IC Bus Protocol 


Figure 4. Typical Interface 
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STOP CONDITION oe 
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AC MEASUREMENT CONDITIONS Figure 6. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 50ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing Ref. Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Table 5. Capacitance ™ (Ta = 25 °C, f = 100 kHz) 


Symbol Parameter 


Cin Input Capacitance (SDA) 


CIN Input Capacitance (Other) 
Note: 1.Sampled only not 100% tested 


Figure 7. AC Waveforms 
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Table 6. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 2.5V to 5.5V) 


Symbol Test Condition 
Input Leakage Current OV<Vin< Voc 
Output Leakage Current OV < Vout ¥ Voc eal 
cc 7 


| Min | Max 
a eo 
Voo=5.5V,f=100KHz | | 2 | ma | 
feet ae ot 
ee ee 
| 0.3 Voo_| 
| Veo+1 | 
0 


= 2.5V, Vin =OVorV 
loct Supply Current (Standby) 
Voc = 5.5V, Vin = OV or Vcc 


, 
TW | put tow votape(e, pre. woop | —SsStSCS~C~rC 
ie nut righ votape (EPR. MoDe)[~SSSS*d eo 08 | eo 
[Ver [ouputtowvetage | moma iY 


Table 7. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


Notes: 1. For a re START condition, or following a write cycle. 
2. In the Multibyte Write mode only, if accessed bytes are on two consecutive rows (upper 5 MSB must not change) the maximum 
programming time is doubled to 20ms. 
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Table 8. Endurance and Data Retention 


SIGNAL DESCRIPTION (cont'd) 


Chip Enable (E). This chip enable input is used to 
set the least significant bit of the 5 bit device select 
code. It may be driven dynamically or tied to Vcc 
or Vss to establish the device select code. Note that 
the Vit and Vin levels for the inputs are CMOS, not 
TTL, compatible. 


Mode (MODE). This signal may be driven dynam- 
ically. It must be at Vi_ or Vin for the Byte Write 
mode, Vin for Multibyte Write mode or Vi_ for Page 
Write mode. Note that the voltages are CMOS 
levels, not TTL, compatible. 


Protect Enable (PRE). This signal may be driven 
dynamically. It must be at Vit or Vin for the Byte 
Write mode, Vin for Multibyte Write mode or Vi for 
Page Write mode. Note that the voltages are 
CMOS levels, not TTL, compatible. 


DEVICE OPERATION 


The ST25C08 supports the I?C protocol. This pro- 
tocol defines any device that sends data onto the 
bus as a transmitter and any device that reads the 
data as a receiver. The device that controls the data 
transfer is known as the master and the other as 
the slave. The master will always initiate a data 
transfer and will provide the serial clock for syn- 
chronisation. The ST25C08 is always a slave de- 
vice is all communications. 


Communications Protocol 


Data Transition or Change. Data changes on the 
SDA line must only occur when the SCL clock is 
low. SDAtransitions while the clock is high are used 
to identify START or STOP conditions. 


Start Condition. START is identified by a high to 
low transition of the data bus SDA signal while the 
clock SCL is stable in the high state. A START 
condition must precede any command for data 
transfer. Except during a programming cycle, the 
ST25C08 continuously monitors the SDA and SCL 
signals fora START condition and will not respond 
unless one is given. 


Stop Condition. STOP is identified by alow to high 
transition of the data bus SDAsignal while the clock 


The ability of the EEPROM to withstand Erase/Write cycles without failure. 
Failure A failure after cycling is defined as any bit that cannot be written or loses its data after a 
subsequent retention bake of 2 years equivalent at 55 °C. 
With 60% confidence, more than 99.9% of units can be cycled over 1,000,000 times. 


ST25C08 


SCL is stable in the high state. A STOP condition 
terminates communication between the ST25C08 
and the bus master and forces the device into the 
standby power state. 


Acknowledge Bit. An acknowledge signal is used 
to indicate a successfull data transfer. The bus 
transmitter, either master or slave, will release the 
SDA bus after sending 8 bits of data. During the 9th 
clock pulse the receiver pulls the SDA bus low to 
acknowledge the receipt of the 8 bits of data. 


Data Input. During data input the ST25C08 sam- 
ples the SDA bus signal on the rising edge of the 
clock SCL. For correct device operation the SDA 
signal must be stable during the clock low to high 
transition and the data must change ONLY when 
the SCL line is low. 


Memory Addressing 


To start communication between the master and 
the slave ST25C08, the master must initiate a 
START condition. Following this the master sends 
onto the SDA bus line 8 bits (MSB first) correspond- 
ing to the device select code, block select bits and 
a READ or WRITE instruction. 


The 4 most significant bits of the device select code 
are the device type identifier, corresponding to the 
IC bus definition. For the ST25C08 these are fixed 
as 1010b (OAh). 


The following bit identifies the specific ST25C08 on 
the bus. It is matched to the chip enable signal E. 
Thus up to 2 ST25C08’s can be connected on the 
same bus giving a memory capacity total of 16k 
bits. After a START condition all ST25C08’s on the 
bus will identify the device code and compare the 
following bit to the chip enable inputs E. If a match 
is found the corresponding ST25C08 will acknowl- 
edge the identification on the SDA bus during the 
9th bit time. 


The 6th and 7th bits sent select one of the four 
blocks of 256 bytes of the memory, effectively 
acting as memory addresses AQ and A&8 (A7 - AO 
byte addresses are sent later). 


The 8th bit sent is the read or write bit (RW), this 
bit is set to 1’ for read and ’0’ for write operations. 
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DEVICE OPERATION (cont’d) 


Write Operation 


The Multibyte Write mode is available when the 
MODE signal is at Vin and the Page Write mode 
when this signal is at Vit. The MODE signal may 
be driven dynamically with CMOS input levels. The 
Byte Write mode is independant of the state of the 
MODE signal and the pin could be left floating if 
only this mode was to be used. However it is 
recommended that the signal is connected to either 
Vin or VIL. 


Following a START condition the master sends a 
device select code with the RW bit reset to 0’. The 
ST25C08 acknowledges this and waits for a byte 
address. The byte address of 8 bits provides ac- 
cess to any of the 256 bytes in the selected block 
of the memory. After receipt of the byte address the 
ST25C08 again responds with an acknowledge. 


Byte Write. In the Byte Write mode the master 
sends one data byte, this is acknowledged by the 
ST25C08. The master then terminates the transfer 
by generating a STOP condition. 


Multibyte Write. For the Multibyte mode the 
MODE signal must be at Vin. The Multibyte Write 
mode can be started from any address in the 
memory. The master sends from one up to 8 bytes 
of data, which are each acknowledged by the 
ST25C08. The transfer is terminated by the master 
generating a STOP condition. 


Page Write. For the Page mode the MODE signal 
must be at Vi_. The Page Write mode allows up to 
16 bytes to be written in a single write cycle, 
provided that they are all located in the same ‘row’ 
in the memory: that is the 5 most significant mem- 
ory address bits (A9-A5) are the same. 


The master sends from 1-16 bytes of data, which 
are each acknowledged by the ST25CO8. After 
each byte is transfered, the internal byte address 
counter (4 least significant bits only) is incre- 
mented. The transfer is terminated by the master 
generating a STOP condition. Care must be taken 
to avoid address counter ’roll-over’ which could 
result in data being overwritten. 


For any write mode the generation by the master 
of the STOP condition starts the internal memory 
program cycle. All inputs are disabled until the 
completion of this cycle and the ST25C08 will not 
respond to any request. The duration of this cycle 
is tw = 10ms maximum except when, in the Multi- 
byte Write mode, bytes are accessed that are on 
different rows (that is have different values for the 
5 most significant address bits), when the program- 
ing time is doubled to a maximum of 20ms. 


Read Operation 


Read operations are independent of the state of the 
MODE signal. 


Current Address Read. The ST25C08 has an 
internal byte address counter. Each time a byte is 
read, this counter is incremented. For the Current 
Address Read mode, following a START condition, 
the master sends a memory address with the RW 
bit set to 1’. The ST25C08 acknowledges this and 
immediately outputs the byte addressed by the 
internal byte address counter. This counter is then 
incremented. The master does NOT acknowledge 
the byte output, but terminates the transfer with a 
STOP condition. 


Random Address Read. A dummy write is per- 
formed to load the byte address into the memory. 
This is followed by another START condition from 
the master and the byte address repeated with the 
RW bit set to 1’. The ST25C08 acknowledges this 
and immediately outputs the byte addressed. The 
master does NOT acknowledge the byte output, 
but terminates the transfer with a STOP condition. 


Sequential Read. This mode can be initiated with 
either a Current Address Read or a Random Ad- 
dress Read. However in this case the master 
DOES acknowledge the data byte output and the 
ST25C08 continues to output the next byte in se- 
quence. To terminate the stream of bytes the mas- 
ter must NOT acknowledge the last byte output, but 
must generate a STOP sequence. The output data 
is from consecutive byte addresses, with the inter- 
nal byte address counter automatically incre- 
mented after each byte output. After a count of 
1024 the address counter will ’roll-over’ and the 
memory will continue to output data. 


Acknowledge In Read Mode. In all read modes 
the ST25C08 waits for an acknowledge during the 
9th bit time. If the master does not pull the SDA line 
low during this time, the ST25C08 terminates the 
data transfer and switches to a receiver state. The 
STOP condition is used only in the WRITE modes 
to initiate the write cycle and is ignored in the READ 
modes. 
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Figure 8. Write Modes Sequence 


ACK ACK 


id DEV SEL BYTE ADDR DATA IN il 


START RW STOP 


ACK ACK ACK 
MULTIBYTE sis 


a 
AND ii DEV: SEL BYTE ADDR DATA IN 1 DATA IN 2 
RW 


PAGE WRITE 
START 


ACK ACK 


ras | 
ae DATA IN N il 


STOP VA00793 


Figure 9. Read Modes Sequence 


ADDRESS DEV SEL DATA OUT 


READ START 


ACK 


RANDOM 
ADDRESS 
READ 


ACK 


CURRENT DEV SEL DATA OUT 1 DATA OUT N 


READ 


ACK ACK ACK 


Soar (LSS eee Cae Te eT 
W RW 


READ START RW START 


NO 
ACK ACK 


In| 


STOP. 
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ORDERING INFORMATION 


Example: ST25C08 B 1 


Temperature Range 


B PSDIP8 1 Oto70°C 
0.25 mm Frame 3 4010 125°C 
6 -40 to 85°C 


Parts are shipped with the memory content set at all "1’s" (OFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


10/10 . 
ITH bir SES THOMSON 
450 
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Lyf, BiSounemones 


ST93C06 


SERIAL ACCESS CMOS 256 bit (16 x 16 or 32 x 8) EEPROM 


=» MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 

= DUAL ORGANISATION: 16 x 16 or 32 x 8 

= BYTE/WORD AND CHIP PROGRAMMING IN- 
STRUCTIONS 

=» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

7 Ti aaa SIGNAL DURING PROGRAM- 

a SINGLE 5V +10% SUPPLY VOLTAGE 

» SEQUENTIAL READ OPERATION 

» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C06 is a 256 bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. 


The 256 bit memory is divided into either 16 x 16 
bit words or 32 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 


The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad- 
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and itis possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


fo | Sesldaainpat 
fa -[ Ses daa Oupt 


Organisation Select 
Supply Voltage 


May 1992 


Va 


1 
1 


PSDIP8 (B) 


PSO8 (M) 
0.4mm Frame 


Figure 1. Logic Diagram 


SI9SCO6 
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Figure 2A. DIP Pin Connections 


Supe 1 eele 


VA0081 7 


Warning: DU = Don't Use 


Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


TLEAD Lead Temperature, Soldering (PSO8 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


S19 3C06 


VA00818 


Warning: DU = Don't Use 


grade 6 


40 sec 
10 sec 


Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 V 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words/bytes. In this way the memory 
can be read as a continuous data stream from 16 
to 256 bits long. 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 16 words or 32 bytes. After the start 
of the programming cycle a Busy/Ready signal is 
available on the Data Output when Chip Select is 
High. 


An internal feature of the ST93C06 provides 
Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu- 
larly usefull when powering up the chip. 


The design of the ST93C06 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (Don't Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt- 
age between Vss and Vcc. 
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MEMORY ORGANISATION POWER-ON DATA PROTECTION 


The ST93C06 is organised as 16 words x 16 bits During power-up operations are inhibited until the 
or 32 bytes x 8 bits. If the ORG Input is left uncon- Supply (Vcc) has reached a level! between 2.5V 
nected or connected to the Supply (Vcc) the x16 = and 3.5V. At power down operation in inhibited 


organisation is selected, when ORG is connected —_—_ when the Supply falls to below between 3V and 2V. 
to Ground (Vss) the x8 organisation is selected. 


AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data PEE ee VA00815 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta =0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 5V + 10%) 


[symbot [| Pavameter_—-[ Test Condon [win [wor [ont 
[ts [pt teatage Curent [ov sVwsveo || ean 
[to [outputtesage cured | ovsvewrsvoo | | 2 | wa 
Tim _feemenosea —[scwtcne [La [aa 
sup Curent (CMOS nous) | SeVuntotmiz | | 2 [ma 

Ter [Supp Coren Sendo [sev | aa 
SS ae ne a 
Cee Pe 
[iastoun [| oa |v 


[vec [ee [Tv 
Output High Voltage a 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Voc = 5V + 10%) 


symbol | At | Parameter 
Chip Select High toGlock High | 
Input Vaid to Clock High Saas E 


Clock High to Input Transition 


re 
Ties | test | Otek Lowio Chip Some Tanon 


n 


—k 
Oo 


o |2 


=a | O1 
oO |o 
oO} oO 


i 
WP 
fsk 


ye) 
ol 
(on) 


ol 
oO 


t 
Note 2 
Erase/Write Cycle time Fe ell 
| | tox | otock Frequency | 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tcLcH 
must be greater or equal to 1 ys. For example, if tcuct is 250 ns, then tc.cH must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 


3 


” n 


= 
ke 
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Figure 4. Syncrounus Timing, Start and Op-Code Input 


VAQ0819 
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Figure 5. Syncronous Timing, Read or Write 


TCLSX 


i 
LOVER: «ACAD ia tSLSH a 
h 


tCHQL 


'4#———— ADDRESS INPUT ———» << DATALVOUTE 


VA00820 


tDVCH  tCHDX 


(0700 | 


| tSHQV 
BUSY READY 


'¢— ADDRESS / DATA INPUT —® — WRITE CYCLE ———» 


VA00821 
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INSTRUCTIONS 


The ST93C06 has seven instructions which are 
shown in Table 3. The op-codes of the instructions 
are made up of 4 bits, preceded by a start bit which 
is always at logic 1’. Some instructions use only 
the first two bits and ignore the last two, others use 
all four bits to define the op-code. The op-code is 
followed by an address for the word/byte which is 
made up of four bits for the x16 organisation or five 
bits for the x8 organisation. 


The start sequence starts with the Chip Select 
signal going High. The first clock pulse after Chip 
Select has gone High is ignored by the ST93C06, 
and the Data Input is sampled on the second and 
third Clock pulses. Even though the first clock pulse 
after Chip Select going High is ignored, it is recom- 
mended to establish the Data Input at Low during 
this first clock pulse in order to have the same 
timing reference as other ST93C XX series devices. 
Astart condition is recognised when the Data Input 
is 1’ and this synchronises the internal circuits of 
the memory. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy '0’ bit is output 
first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy ’0’ bit is 
NOT output between words/bytes and a continu- 
ous stream of data can be read. 


Table 6. Instruction Set 


ERASE 


Erase Byte or Word 


Note: X5-X0 or X4-X0 are dummy addresses 


6/9 77 Scs:THo 


[imscton | description | on-case | ert, | ae | Aged | ate 
ewen | ersetrieenebie [oot [xoxo | 
[ewos | craserwitebsstle | e000 | xex0 | ‘| xoxo | 


WRAL Write All with Data 0001 


xoxo | | xaxo | 
X4-X0 D7-DO X3-X0 D15-Do 


Erase/Write Enable and Disable 


Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C06 programming 
is inhibited. When the EWEN instruction is exe- 
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vcc falls below the power-down threshold. 


The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program- 
ming instructions. 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory word or byte bits to ’1’. After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy(’0’) 
or Ready(’1’) after Chip Select is returned to High. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy(’0’) or Ready(’1’) after Chip 
Select is returned High. 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to 1’. Adummy address is 


X4-X0 


A3-A0 


SON 
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Figure 6. READ, WRITE, EWEN, EWDS Sequence 


READ S$ | | 
-\- 
| ilofx’xJan * ad] 
ok eed eee eee ee eel ee ee ee oe 
! oof —— 
Pa ee es ee Ge 


‘| OP ; ro 
SCUODE & AUDR.& 3 DATA OUT 


es 8 ee 


| CHECK; 
' STATUS } 


~ 17 ee ee ee ee ee ee ee ee ee ; ; 
of sfx] An Ad] Dn 00] 
ats stetolostetoieiets 


‘OP: ! 
' CODE } ADDR | 


ERASE S$ | | 


WRITE 
ENABLE 


DATA IN : IBUSY: READY! 


ERASE S | | 


WRITE 
DISABLE 


a 
D fio oft "a [xix'x x] 
OP: 


CODE=: 


INSTRUCTION (cont'd) 


input during the instruction transfer and the erase 
is made in the same way as the ERASE instruction 
above. 


Write All 


The Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
In the WRAL instruction NO automatic erase is 
made so all words/bytes must be erased before 
the WRAL instruction. So for correct operation an 
ERAL instruction should be used before the WRAL 
instruction. 


Busy/Ready Status 


During every programming cycle (after a Write, 
Erase, Write All or Erase All instruction) the Data 


Se 
D /:]0,0,0 0x x xx] 
Meo 


‘ CODE : 
VA00822 


Output indicates the Busy/Ready status of the 
memory. The output is available after the Chip 
Select is returned to High. A’0’ indicates Busy and 
a’l’ Ready. A’1’ indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output ’1’ will disap- 
pear when a new Start bit is input or the Chip Select 
is brought Low. 


COMMON 1I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
“EEPROM Common I/O Operation’. 
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Figure 7. ERASE, ERAL Sequence 


ERASE §S | LU 


CHECK 
STATUS 


: 1 ‘bao aL 


CODE | ADDR | | BUSY! READY! 


: CHECK 
ae STATUS 


; lo of lox xo 


4 U bs 


'oP ‘DUMMY! ! 
' CODE : ADDR : BUSY! READY 
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Figure 8. WRAL Sequence 


WRITE SS | | | | 


ALL ! CHECK 
STATUS 


aa oa ce eee ees ee ee ee ee ee eel ee : 
D }1]0,0, of] xr xolon 00| : | 
_— a ee ee ee ee ee ee ee 1. 


‘OP !DUMMY:! ie ee ! 
‘CODE :ADDR | DATA IN | IBUSY: READY! 
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ORDERING INFORMATION 


Example: ST93C06 M 1 013TR 


Temperature Range | |____ Option 


B PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.4 mm Frame 3 -40t0 125°C 
Me eee 6 ~40 to 85°C 


Parts are shipped with the memory content set at all “1’s” (OFFFFh for x16, OFFh for x8). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ST93C46A 
ST93C46T 


MICROELECTRONICS 


SERIAL ACCESS CMOS 1K bit (64 x 16 or 128 x 8) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


=» DUAL ORGANISATION: 64 x 16 or 128 x 8 


=» BYTE/WORD AND CHIP PROGRAMMING IN- 
STRUCTIONS 


# SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 


=» BUSY/READY SIGNAL DURING PROGRAM- 
MING 


a SINGLE 5V +10% SUPPLY VOLTAGE 
» SEQUENTIAL READ OPERATION 
» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C46 is a 1K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. 


The 1K bit memory is divided into either 64 x 16 bit 
words or 128 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 


The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad- 
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and it is possible, if the Chip 


Table 1. Signal Names 


ee 
Cs 


May 1992 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST9SC46A 


ST9SC46T 


VA00871 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature grade 1 0 to 70 


grade 3 —40 to 125 °C 
grade 6 —40 to 85 


Storage Temperature —65 to 150 — 
TLEAD Lead Temperature, Soldering (PSO8 package) 40sec 215 
(PSDIP8 package) 10sec 260 


Vio Input or Output Voltages —0.3 to 6.5 a 


Vec Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 


Note: Except for the rating "Operating Temperature Range", stresses above those listed tn the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


VeEsD 


Figure 2A. DIP Pin Connections Figure 2B. DIP, 90° Turn, Pin Connections 


STISC46A SIG SC461 


VA008735 


VA00872 


Warning: DU = Don’t Use Warning: DU = Don’t Use 


Figure 2C. SO Pin Connections DESCRIPTION (cont'd) 


Select input is held High, to output a sequential 
stream of data words/bytes. In this way the memory 
STO3C46A can be read as a continuous data stream from 16 
to 1024 bits long. 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 64 words or 128 bytes. After the start 
of the programming cycle a Busy/Ready signal is 
available on the Data Output when Chip Select is 
High. 

VA00874 An internal feature of the ST93C46 provides 
; Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu- 
larly usefull when powering up the chip. 


Warning: DU = Don’t Use 
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DESCRIPTION (cont'd) 


The design of the ST93C46 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (Don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt- 
age between Vss and Vcc. 


MEMORY ORGANISATION 


The ST93C46 is organised as 64 words x 16 bits 
or 128 bytes x 8 bits. If the ORG input is left 
unconnected or connected to the Supply (Vcc) the 
x16 organisation is selected, when ORG is con- 
nected to Ground (Vss) the x8 organisation is 
selected. 


POWER-ON DATA PROTECTION 


During power-up, operations are inhibited until the 
Supply (Vcc) has reached a level between 2.5V 
and 3.5V. At power down operation in inhibited 
when the Supply falls to below between 3V and 2V. 


Table 3. Capacitance (Ta = 25 °C, f = 1 MHz ) 


Input Capacitance 
Output Capacitance 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 


symbol Test Condition | in| Max | Unit 


ST93C46A, ST93C46T 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input Timing Reference Voltages 1V to 2.0V 
Output Timing Reference Voltages 0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Input Output Waveforms 


OUTPUT 


VAO00815 


(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Voc = 5V + 10%) 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


Chip Select High to Clock High 
Input Valid to Clock High 


Sleee Miah Oust 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcHc. + tctcH 
must be greater or equal to 1 ps. For example, if tcucr is 250 ns, then tc.cn must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles. 


Figure 4. Syncrounus Timing, Start and Op-Code Input 


OP "CODE 7) OF “CORE 


START “— OP CODE INPUT —» 


VA00875 
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Figure 5. Syncronous Timing, Read or Write 


tDVCH  tCHDX 


¢——— ADDRESS INPUT — SS 


tDVCH = tCHD 


“¢@— ADDRESS / DATA INPUT 


INSTRUCTIONS 


The ST93C46 has seven instructions which are 
shown in Table 3. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic 1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word/byte which 
is made up of six bits for the x16 organisation or 
seven bits for the x8 organisation. 


The start sequence requires the Chips Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 


: i 
A0/DO wie tSLSH 
A 


ST93C46A, ST93C46T 


t 
t 
a atl 


VA00820 


tSHQV 


—» <— WRITE CYCLE ——» 


READY 


VA00821 


first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy ’0’ bit is 
NOT output between words/bytes and a continu- 
ous stream of data can be read. 


Erase/Write Enable And Disable 


Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C46 programming 
is inhibited. When the EWEN instruction is exe- 
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vcc falls below the power-down threshold. 


The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program- 
ming instructions. 


SGS-THOMSON 5/8 
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Table 6. Instruction Set 


in| oon [oe [ae [me [ts [oa 

| READ Read Data from | Read Data from memory | ASAD | AO | ais-a0_| QO 
ee te 
[ewos [eserite seve | oo | eoxcooe| | oovox | _ 
erase [easeayoorvioa | | somo |_| asm | _ 
a 
Tweat[wiemwinose | 00 | onoacx | orao | onox | o1s00__ 


Note: X = dummy address bit. 


Figure 6. READ, WRITE, EWEN, EWDS Sequence 
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INSTRUCTIONS (cont'd) 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory word or byte bits to 1’. After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy(’0’) 
or Ready(’1’) after Chip Select is returned to High. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy(’0’) or Ready(’1’) after Chip 
Select is returned High. 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to ’1’. Adummy address is 
input during the instruction transfer and the erase 
cae in the same way as the ERASE instruction 
above. 


Figure 7. ERASE, ERAL Sequence 


ST93C46A, ST93C46T 


Write All 


Thi Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
In the WRAL instruction NO automatic erase is 
made so all words/bytes must be erased before 
the WRAL instruction. So for correct operation an 
ERAL instruction should be used before the WRAL 
instruction. 


Busy/Ready Status 


During every programming cycle (after a WRITE, 
Erase, Write All or Erase All instruction) the Data 
Output indicate the Busy/Ready status of the mem- 
ory. The output is available after the Chip Select is 
returned to High. A ’0’ indicates Busy and a °1’ 
Ready. A ‘1’ indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output ’1’ will disap- 
pear when a new start bit is input or the Chip Select 
is brought Low. 


COMMON I/O OPERATION 


The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
“EEPROM Common I/O Operation”. 


ERASE $ | | | | 


CHECK 
STATUS 


FEC: gq 


‘OP! ADDR 
CODE 


| IBUSY: READY: 


SIATUS 


[i]o,oft]ofxn. ck : 


‘OP: ADDR 


COBE 


; !BUSY! READY: 


VA00879 
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ST93C46A, ST93C46T 


Figure 8. WRAL Sequence 


WRITE SS | | | | 


ALL ‘CHECK: 
| STATUS } 


~— cee ee ee eee eee eel Cees eel eel Den ' 
D }i]o,0 oft] xn xo|Dr 00] | : 
= -l-fLiLIicinticininwin i. : 


‘OP! ADDR : DATA IN ' ‘BUSY! READY! 


CODE VAQO880 


ORDERING INFORMATION 


Example: ST93C46 A M 1 O13TR 
[Suffix | Temperature Range 
A Standard pin out B PSDIP8 1 Oto 70°C 013TR Tape & Reel 
T 90° Turn pin out CSM EMS 3 —40to 125°C 
Me Tee 6 -—40to 85°C 


Parts are shipped with the memory content set at all "1’s" (OFFFFh for x16, OFFh for x8). 


For a list of available options of Package and Temperature Range, refer to the Selector Guide in this Data 
Book or to the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ST93C56 


SERIAL ACCESS CMOS 2K bit (128 x 16 or 256 x 8) EEPROM 


=» MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


=» DUAL ORGANISATION: 128 x 16 or 256 x 8 


=» BYTE/WORD AND CHIP PROGRAMMING IN- 
STRUCTIONS 


=» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 


=» BUSY/READY SIGNAL DURING PROGRAM- 
MING 


a SINGLE 5V +10% SUPPLY VOLTAGE 
=» SEQUENTIAL READ OPERATION 
» Sms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93C56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. 


The 2K bit memory is divided into either 128 x 16 
bit words or 256 x 8 bit bytes. The organisation may 
be selected by a signal on the ORG input. 


The memory is accessed by a set of instructions 
which includes Read, Write, Erase, Erase All and 
Write All. A Read instruction loads the address of 
the first word/byte to be read into an internal ad- 
dress pointer. The data is then clocked out serially. 
The address pointer is automatically incremented 
after the data is output and itis possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


a 
a 
fons [owansaion ea 
[vec | Supp Votage 
a Co 


May 1992 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


STIQSC56 


VA00881 
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ST93C56 


Figure 2A. DIP Pin Connections 


SIJOC 90 


VA00882 


Warning: DU = Don't Use 


Table 2. Absolute Maximum Ratings 


Symbol 


|i Ambient Operating Temperature 


Storage Temperature 


Lead Temperature, Soldering 


Parameter 


(PSO8 package) 
(PSDIP8 package) 


TA 
Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 


Figure 2B. SO Pin Connections 


Saeco 1Go)o) 


VA00883 


Warning: DU = Don’t Use 


0 to 70 
—40 to 125 °C 
—40 to 85 


215 : 


grade 1 
grade 3 
grade 6 


40 sec 
10 sec 


Note: Except for the rating "Operating Temperature Range", stresses above those listed in the Table "Absolute Maximum Ratings" may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DESCRIPTION (cont'd) 


stream of data words/bytes. In this way the memory 
can be read as a continuous data stream from 16 
to 2048 bits long. 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 or 8 bits at one time 
into one of the 128 words or 256 bytes. After the 
start of the programming cycle a Busy/Ready signal 
is available on the Data Output when Chip Select 
is High. 


An internal feature of the ST93C56 provides 
Power-on Data Protection by inhibiting operation 
when the Supply is too low. This feature is particu- 
larly usefull when powering up the chip. 


The design of the ST93C56 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


The DU (don’t Use) pin does not affect the function 
of the memory and it is reserved for use by SGS- 
THOMSON during test sequences. The pin may be 
left unconnected or may be connected to any volt- 
age between Vss and Vcc. 
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MEMORY ORGANISATION POWER-ON DATA PROTECTION 


The ST93C56 Is organised as 128 words x 16 bits During power-up, operations are inhibited until the 
or 256 bytes x 8 bits. If the ORG input is left = Supply (Vcc) has reached a level between 2.5V 
unconnected or connected to the Supply (Vcc) the and 3.5V. At power down operation in inhibited 


x16 organisation is selected, when ORG is con- _ when the Supply falls to below between 3V and 2V. 
nected to Ground (Vss) the x8 organisation is 

selected. 

AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 

Input Pulse Voltages 0.4V to 2.4V 

Input Timing Reference Voltages 1V to 2.0V 

Output Timing Reference Voltages 0.8V to 2.0V 

Note that Output Hi-Z is defined as the point where data a eee VA00815 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Note: This parameter is sampled only and not tested 100% 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, -40 to 85 °C or —40 to 125 °C; Voc = 5V + 10%) 


[poameter | Test Gonation [in 
[|r testago Conent [ov svwsvoo | 
Te outpttzshage Curent | ovsvarsver | | 28 | a 
sup Curt Trkinpas) |S Vonf=twie | 
[sup Cuort(CwOS nous) | Se Vnst=twiie | 
a ) a 


lect Supply Current (Standby) 

Input Low Voltage re ee 

Input High Voltage 
2 


oe 
ae 
| 24 | 


lon = 400A 4 
lou = 100A 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Vcc = 5V + 10%) 


=) 
” 


n 


o1 
oO 
Oo 


” i¢2) 


3 
a 


=) =) =) =) aoe) 
n n 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ts, therefore the sum of the timings tcuci + teLcu 
must be greater or equal to 1 us For example, if tcuci is 250 ns, then tctcH must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles. 


_ 
© 


= 
— 
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Figure 4. Syncrounus Timing, Start and Op-Code Input 


tDVCH tCHDX 


START *# OP CODE INPUT —» 


t 
t 


VA00875 
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Figure 5. Syncronous Timing, Read or Write 


tDVCH = tCHDX 


———- ADDRESS INPUT ————» 


| t 


tDVCH 


| 
I 
' 
I 
! 
I 


tCHDX 


¢— ADDRESS / DATA INPUT —» — WRITE CYCLE 


INSTRUCTIONS 


The ST93C56 has seven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic ’1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word/byte which 
is made up of seven bits for the x16 organisation 
or eight bits for the x8 organisation. 


The start sequence requires the Chips Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 


3T93C56 


tCHQV 


VA00820 


READY 


VA00821 


first followed by the 16 bit word or 8 bit byte with 
the MSB first. Output data changes follow the Low 
to High transition of the Clock. The memory will 
automatically increment the address and will clock 
out the next word/byte as long as the Chip Select 
line is held High. In this case the dummy ’0’ bit is 
NOT output between words/bytes and a continu- 
ous stream of data can be read. 


Erase/Write Enable and Disable 


Programming instructions must be preceded by an 
Erase/Write Enable instruction (EWEN). When 
power is first applied to the ST93C56 programming 
is inhibited. When the EWEN instruction is exe- 
cuted programming remains enabled until an 
Erase/Write Disable instuction (EWDS) is executed 
or Vcc falls below the power-down threshold. 


The EWDS instruction can be used to protect data 
against accidental disturbance by noise on the data 
busses. It should be used following all program- 
ming instructions. 


. 5/8 
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Table 6. Instruction Set 


merucon | _pesenion | opcode | 2208, | one | E502 | owe 


READ Read Data from memory A8-AO Q7-Q0 A7-A0 Q15-Q0 
WRITE Write Data to memory A8-A0 D7-DO A7-A0 D15-D0 
11 - 


ewan | erasertite Ente | co | rivoooe [| tixoo 
wos | ersotrie Deane | oo | voor [| ooo [ 
erase | erseByecrwod | it [aan [| aan | 
Tera | easent | wo | tooo | | 10000 


Note: X = dummy address bit. 


Figure 6. READ, WRITE, EWEN, EWDS Sequence 


-\- 
D | ifofan Ad] 
! | ee ee ee eee ee ee ee ee ee 
Q oH Bo Gof — 
DATA OUT ! 


/ CHECK: 
| STATUS | 


=i a ' 
/i [ofan | Dn Dol | 
— a ee ee ee ee ee ee ee ee 


DATA IN ! IBUSY!READY | 


ERASE 3 | | 


WRITE 
se DISABLE 


— 
li Joo} ifxn "x0 D [1]0,0,0 ofxr xo| 
me ~ 


OP; OP! 
CODE CODE 
VA00878 
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INSTRUCTIONS (cont'd) 


The READ instruction is not affected by the EWEN 
or EWDS instructions. 


Erase 


The Erase instruction (ERASE) programs the ad- 
dressed memory word or byte bits to ’1’. After the 
address the falling edge of the Chip Select starts a 
self-timed programming cycle. During the cycle the 
state of the Data Output signal indicates Busy(’0’) 
or Ready(’1’) after Chip Select is returned to High. 


Write 


The Write instruction (WRITE) is followed by the 
address and the 8 or 16 data bits to be written. Data 
input is made on the Low to High transition of the 
clock. After the last data bit has been input, Chip 
Select is brought Low to start the programming 
cycle. During the cycle the state of the Data Output 
signal indicates Busy(’0’) or Ready(’1’) after Chip 
Select is returned High. 


Erase All 


The Erase All instruction (ERAL) erases the whole 
memory. Using this instruction the entire memory 
content can be erased to 1’. Adummy address is 
input during the instruction transfer and the erase 
is made in the same way as the ERASE instruction 
above. 


Figure 7. ERASE, ERAL Sequence 


CODE 


OP: 
CODE 


ERASE -S | U 
P 1 to aL 


‘OP! ADDR 


ERASE S | | 
ALL | | 
a 
)i]o,of1 Jofxn ECE : 


ADDR 


9193056 


Write All 


The Write All instruction (WRAL) writes the Data 
Input word or byte to all addresses of the memory. 
The WRAL instruction works in the same way as 
WRITE and does not require a previous ERAL 
instruction. 


Busy/Ready Status 


During every programming cycle (after a Write, 
Erase, Write All or Erase All instruction) the Data 
Output indicates the Busy/Ready status of the 
memory. The output is available after the Chip 
Select is returned to High. A’0’ indicates Busy and 
a’1’ Ready. A’1’ indicates that the word/byte at the 
location addressed, or all of the memory for ERAL 
and WRAL instructions, has been programmed and 
the memory is ready for another instruction. After 
the memory is ready, the Data Output ’1’ will disap- 
pear when a new start bit is input or the Chip Select 
is brought Low. 


Common I/O Operation 


The Data Output (Q) and Data Input (D) signals can 
be connected together to form a common, one wire 
data bus. Some precautions must be taken when 
operating the memory with this connection, please 
refer to the SGS-THOMSON application note 
“EEPROM Common I/O Operation”. 


CHECK 
STATUS 


' IBUSY! READY} 


CHECK 
STATUS 


| IBUSY! READY! 


VA00879 
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Figure 8. WRAL Sequence 


WRITE S | | | | 


ALL ' CHECK | 
' STATUS | 


a om aaa ’ 
D )i]0,0 of] xr xolon 0| | | 
a Ps Pe ee ee ee ee ee _— ; 


‘OP: ADDR : DATA IN ' !BUSY! READY! 


CODE VAOO0880 


ORDERING INFORMATION 


Example: ST93C56 M 1 013TR 


Temperature Range | | Option 


B PSDIP8 1 Oto 70°C O1i3TR Tape & Reel 
0.4 mm Frame 3 4010 125°C 
Meee 6 -40 to 85°C 


Parts are shipped with the memory content set at all “1’s” (OFFFFh for x16, OFFh for x8). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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31930546 


SERIAL ACCESS CMOS 1K bit (64 x 16) EEPROM 


= MINIMUM 71,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 3V TO 5.5V SUPPLY VOLTAGE 

=» USER DEFINED WRITE PROTECT AREA 

=» PAGE WRITE MODE (4 WORDS) 

m SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 


» BUSY/READY SIGNAL DURING PROGRAM- 
MING 


» SEQUENTIAL READ OPERATION 
» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS46 is a 1K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 1K bit 
memory is organised as 64 x 16 bit words. 


The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


ro _[ Sei Datainpst 
fa | Swslbaa Oupit 


Write Enable 
Supply Voltage 


Mary 1992 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


ST93CS46 


VA00884 
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Figure 2A. DIP Pin Connections 


ST93CS46 


VA00885 


Table 2. Absolute Maximum Ratings 


Symbol 


TA Ambient Operating Temperature 


Input or Output Voltages 
cc 


Parameter 


grade 6 —40 to 85 
Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (PSO8 package) 40 sec 215 °C 
(PSDIP8 package) 10sec 260 


Figure 2B. SO Pin Connections 


ST95CS546 


VA00886 


ere 


Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
1024 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external sigan! controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 


2/11 Ky SGS-THO 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 


The design of the ST93CS46 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 


MSON 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 
Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data VA00825 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f = 1 MHz ) 


| ___Parameter__— | TestConcition | Min | Max | Unit _| 
[Input Capacitance | Mev | | |r 
[Output Capacitance | Vour=ov | | Tr 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V) 


| symbol | Parameter |__—Test Condition | in| Max | Unit _| 
i fstties [ete [Pas ok 
[ouputteckage Curent | ove Vereveo | —~(| 28 | aa 
[supny Curent FTLinpas) | S=Vat-tMre | | 3 | ma 
| Supply Current (CMOS Inputs) _| Current (CMOS Inputs) | SeVat=tMHz | | 2 | mal 
a 
Taree | aca [on 
SS a a eee 


lo. =2.1mMA 
VoL Output Low Voltage 


Output High Voltage 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Vcc = 3V to 5.5V) 


Symbol | at | Parameter Test Coneition 
Protect Enable Valid to Clock High 
t 


or | ol 
oO |O 


ol 
oO 


Write Enable Valid to Clock High ae: 
Chip Select High to Clock High ee 


Input Valid to Clock High 


=) 
n 


Clock High to Input Transition 100 


Clock High to Output Low 5 
Clock High to Output Valid o 
Clock Low to Protect Enable Transition 


jo) 
Oo 
=) 
ip) 


oO 
oO 


tcHDx DIH 
Clock High to Input Transition grade 3 and 6 200 


Chip Select Low to Write Enable Transition 
Clock Low to Chip Select Transition 


tcs 

tsv 

Chip Select Low to Output Hi-Z 
P 
fsk 


250 
250 ns 
Erase/Write Cycle time a 10 S 
cated Miz 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcxucL + tcLcH 
must be greater or equal to 1 us. For example, if tcuci is 250 ns, then tctcu must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles. 


Figure 4. Syncrounus Timing, Start and Op-Code Input 


tPRVCH 


START OP CODE } OP CODE 


— > START “— OP CODE INPUT 


VA00887 


4/11 . 
—__—+_—_—_—_—— kyy S88-THOMSON 
482 


ST93CS46 


Figure 5. Syncronous Timing, Read or Write 


tDVCH  tCHDX 


ADDRESS INA SDA AOU Te) PS 


VA00820 


[es Seen 


tCLPRX 


tae 
tDVCH  tCHDX 1 
A0/D0 \-»~j«— tSLSH 
lea 


READY 
'¢@— ADDRESS / DATA INPUT —® “— WRITE CYCLE ———> 


VA00888 
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INSTRUCTIONS 


The ST93CS46 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic ‘1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of six bits A5-A0. 


The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Table 6. Instruction Set 


a 


READ Read Data from memory 


PAWRITE 


WRALL Write All 


| WEN —_| write Enable 
aa Write Disable 


PRREAD 


Protect Register Read 


roa aan [| 
ky 


PRCLEAR Protect Register Clear 


PREN Protect Register Enable 


Protect Register Disable 


Note: X = don’t care or drummy address bit. 
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Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’ bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS46 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 


Additional 
Lm [sine | ome | is 
asao faa; | 
Write if address 
at nou plaee unprotected 
Write one to 4 
words, if all 
D15-DO addresses are 
unprotected 
Write all if Protect 
ce doa Register cleared 


Earaedl 
OOXXXX al 


Data Output is 

Protect Address 
XXXXXX | Q6-QO0 (A5-A0) plus 

Protect Flag 


11XXXX a 


OTP Flag set, 
prevents any further 
change to Protect 
Register 


SON 
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Figure 6. READ, WRITE, WEN, WDS Sequence 
= | | 
ae 
: ilofas Ad] 
| | | TUTE TET UT Ea 
Ps ee ee ee ee ee ee De eee De 


DATA OUT 


‘OP! ADDR 
CODE 


IT emcee 


| CHECK; 
|. SSTATUS: 3 


ioe ee ee Dee eed Deed eed eed eed ees eee 
|i |ofifas Ao| D1 D0 | 
oe | me a ee ee es ee eee ee ee es : 


‘OP! ADDR 
CODE 


WRITE 
ENABLE 


‘OP! 
CODE 


INSTRUCTIONS (cont'd) 


the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = ’0’ and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D='1’. 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 


words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 


DATA IN 


ae 
[i]o,0f1"1 xs | xo] 


' IBUSY!READY! 
S | | 
ae 
D /i]o,0,0,0[x3 xo] 


‘OP! 
CODE 


WRITE 
DISABLE 


VA00889 


sequently ignored (don’t care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A1-A0O 
of the internal address register are incremented, 
the high order bits A5-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A5-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
’0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D ='1’. 
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Figure 7. PRWRITE, WRALL Sequence 


wel LU = 


' CHECK 
>) “STATUS: 3 
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DATA IN 


' IBUSY!READY:} 


CHECK | 
: STATUS | 


sottettettetetees SOLE 


‘OP! ADDR 
CODE 


INSTRUCTIONS (cont'd) 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D =’1’. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 


provide protection against noise and accidental 
write operations. 


Write Disable does not affect the Read operations. 


DATA IN 


' IBUSY! READY! 


VA00890 


MEMORY WRITE PROTECTION 


The ST93CS46 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write to- 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCOLEAR, PRWRITE and PRDS, this is used 
together with the Protect Register Enable signal 
(PRE). 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 
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CODE 
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‘OP: 
CODE 


PROTECT 
REGISTER 
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| BUSY: READY! 


a i & 
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‘OP: 
CODE 


MEMORY WRITE PROTECTION (cont'd) 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when it is written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


VA00891 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to ’1’. Both the Protect Enable (PRE) and Write 
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Figure 8. PRCLEAR, PRDS Sequence 


PROTECT 
REGISTER 
CLEAR 


‘OP! 
CODE 


PROTECT 
REGISTER 
DISABLE 


ADDR 


Jo ue kL 


. CHECK 
| STATUS | 


; sas eee 4] 


' BUSY! READY: 


= es | ay a 


| CHECK: 
» SSTATUS: 3 


iJooo00000 | : 


‘OP! 
CODE 


MEMORY WRITE PROTECTION (cont'd) 


Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


A PREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to’0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion one but are subsequently ignored (don’t 
care). 


10/11 Ky SGS-THO 


ADDR 


' IBUSY! READY: 
VA00892 


A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 


Protect Register Disable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST93CS46 M 1 O13TR 


Temperature Range | Option 


B PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.4 mm Frame 3 400 125°C 
eee 6 -401085°C 


Parts are shipped with the memory content set at all “1’s” (OFFFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
» USER DEFINED WRITE PROTECT AREA 
=» PAGE WRITE MODE (4 WORDS) 


=» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 


=» BUSY/READY SIGNAL DURING PROGRAM- 
MING 


» SEQUENTIAL READ OPERATION 
# 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS56 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROWM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 2K bit 
memory is organised as 128 x 16 bit words. 


The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


[o| SeriatDatainput 
fa | SerialData Output 


Write Enable 
Supply Voltage 


May 1992 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


51950556 


VA00896 
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Figure 2A. DIP Pin Connections 


SI 33CS556 


VA00897 


Table 2. Absolute Maximum Ratings 


Symbol 


Storage Temperature 


Parameter 


TA Ambient Operating Temperature grade 1 
grade 3 
grade 6 


TLEAD Lead Temperature, Soldering (PSO8 package) 
(PSDIP8 package) 
Input or Output Voltages -—0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Figure 2B. SO Pin Connections 


> 95CS596 


VA00898 


—40 to 125 °C 
—40 to 85 


-65 to 150 


215 : 


40 sec 
10 sec 


Electrostatic Discharge Voltage (Human Body model) 2000 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
2048 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external sigan! controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 


2/11 Ky SGS-THO 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS56 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data VA00825 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 8V to 5.5V) 


S = Vin, f = 1 MHz 
S=0V 


> 


Voc + 1 


Output Low Voltage 


=—4 2.4 
Vou Output High Voltage lou = —400HA | 24 | 
lon = —10HA 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Vcc = 8V to 5.5V) 


| Symbol | at | Parameter |_Test Condition | Min | Max | Unit | 
| terven | teres | Protect Enable Validto ClockHigh | | 80 | ors 
| ton | tres | White Enable Valid to Clock High | | 80 | ons 
| tsicn | toss | Chip SelectHigh to ClockHigh | | 50 | ons 
| tover | tors | Input Validto ClockHigh =| | too | os 
[= [= ferent te 

| 200 fons 
| 500 | | ns | 
| soo | | ns 
es ae ee 
20 | | ons 
po | | ns | 
| 20 | | ns | 
| soo | ns 
| too | | ns | 
| 250 | | ns | 
20 | |e | 
Erase/Write Cycle time | | 40 | oms 
po | 4 | Mb 


Notes: 1 The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + teLcH 
must be greater or equal to 1 ps. For example, if tcc. is 250 ns, then tc.cn must be at least 750 ns. 
2 Chip Select must be brought low for a minimum of 250 ns (tsisH) between consecutive instruction cycles 


Figure 4. Syncrounus Timing, Start and Op-Code Input 


tPRVCH 


tDVCH tCHDX 


START OP CODE [ OP CODE 


—> START “— OP CODE INPUT 


VA00887 
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Figure 5. Syncronous Timing, Read or Write 
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VA00820 
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INSTRUCTIONS 


The ST93CS56 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic ’1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-AO, but for the 2K 
ST93CS56 the MSB of the address (A7) is ignored 
(don’t care). 


The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 


Table 6. Instruction Set 


mon | omen | 


READ Read Data from memory 


WRITE Write Data to memory 0 


PAWRITE 


WRALL Write All } 00 
wen [wits eave i 


Page Write to memory 1 


EN 
WDS Write Disable 


PRREAD 


li 
PRWRITE | Protect Register Write 0 site 

PRCLEAR | Protect Register Clear 
4’ 


Protect Register Read 


1 
, 
10 
1 


Note: 1. Address bit A7 ts not used for the 2K ST93CS56 (don't care). 
2. X = don’t care ot dummy address bit. 
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ky 


fa A7-A0 D15-D0 


E A7-A0 D15-D0 


01XXXXXX | D15-D0 


as 

as 

2 fem] oo 
(1) 


PREN Protect Register Enable ze ee 11XXXXXX 


received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’'bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS56 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


(1) Additional 

jAdaress® | ain | tena, 

x [arse [aol 
Write if address 
unprotected 


Write one to 4 
words, if all 

addresses are 
unprotected 


Write all if Protect 
Register cleared 


Data Output is 
Protect Address (A7- 


AO) plus Protect Flag 
1 


A7-A0 


Data above A7-A0 is 
protected (1) 
11111111 | 


Protect Flag also 
cleared ('1’) 


of lig 
io i 
4% 
"44 
X 
a 
4’ 
4? 
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Figure 6. READ, WRITE, WEN, WDS Sequence 
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INSTRUCTIONS (cont'd) 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 
the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D =’0’ and after the cycle is completed and 


ST93CS56 


DATA OUT 


/ CHECK: 
; “STATUS. 3 


ae : 


' IBUSY! READY: 


ERASE S fo 
WRITE 
ee 
D |i ]0,0,0,0fx5 * xo] 


DISABLE 
‘OP! 


CODE 


DATA IN 


VA00899 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 
sequently ignored (don’t care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A1-A0 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 


h dv f hori ion, Read write operation will proceded only if NONE of the 
ae pegs eon cn UCLOneaees addresses of the 1-4 data words has its address 
bits A6-A2 within the protected area. During the 
- 7/11 
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Figure 7. PAWRITE, WRALL Sequence 
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INSTRUCTIONS (cont'd) 


write cycle, the Data Output will indicate Busy D = 
’0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D ='1’. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D ='1’. 


Write Disable 


The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 


DATA IN 


' BUSY! READY} 


VAO0S00 


provide protection against noise and accidental 
write operations. 


Write Disable does not affect the Read operations. 


MEMORY WRITE PROTECTION 


The ST93CS56 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write to- 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PRDS, this is used 
together with the Protect Register Enable signal 
(PRE). 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
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PROTECT. 
REGISTER 
READ 


PROTECT 
REGISTER 
WRITE 


Figure 8. PRREAD, PRWRITE, PREN Sequence 
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‘OP: 
CODE 


MEMORY WRITE PROTECTION (cont'd) 


by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PRE instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


VAO00S01 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when itis written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 


. 9/11 
ky Sones. ——$£-—-—————___——— 


499 


ST93CS56 


Figure 8. PRCLEAR, PRDS Sequence 


PROTEGI 
REGISTER 
CLEAR 


‘OP! ADDR 


CODE 


PROTECT 
REGISTER 
DISABLE 


'OP! ADDR 


CODE 


MEMORY WRITE PROTECTION (cont'd) 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to 1’. Both the Protect Enable (PRE) and Write 
Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


A PREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 


= U ba 


CHECK 
| STATUS | 


' ‘BUSY! READY: 


CHECK 
STATUS 


li]oo0 On : 


' BUSY! READY: 


VAO00902 


writing. The Protect Flag status bit is set to 0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion execution, but are subsequently ignored (don’t 
care). 


A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 


Protect Register Diasable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST93CS56 M 1 O13TR 


Temperature Range 


B PSDIP8 1 Oto 70°C 013TR Tape & Reel 
0.4 mm Frame 3 4010 125°C 
MP ESS 6 40 to 85°C 


Parts are shipped with the memory content set at all “1’s” (OF FFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 3V TO 5.5V SUPPLY VOLTAGE 
#» USER DEFINED WRITE PROTECT AREA 
=» PAGE WRITE MODE (4 WORDS) 


=» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 


=» BUSY/READY SIGNAL DURING PROGRAM- 
MING 


» SEQUENTIAL READ OPERATION 
# 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS66 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 4K bit 
memory is organised as 256 x 16 bit words. 


The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


[D | Serial Data input 
ie od Serial Data Output 


14\ Zz 
, 


1 


PSDIP8 (B) 


PSO14 (ML) 
0.4mm Frame 


Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings 


Parameter 


Ambient Operating Temperature 


Storage Temperature 


TLEAD Lead Temperature, Soldering (PSO14 package) 
(PSDIP8 package) 

Input or Output Voltages —0.3 to 6.5 
Supply Voltage —0.3 to 6.5 


Electrostatic Discharge Voltage (Human Body model!) 


Figure 2B. SO Pin Connections 


eile © @alcle 


grade 1 
grade 3 


grade 6 —40 to 85 


—65 to 150 


215 
260 


40 sec 
10 sec 


2000 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification 1s not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
4096 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external siganl controls Write Enable. 
A user defined area of the msmory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 


2s 77 S&s:THo 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS66 and the High Endur- 
ance CMOS technology used for its tabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 
Reference Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz) 


Output Capacitance Vout = OV 


a) 


Court 5 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 3V to 5.5V) 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Voc = 8V to 5.5V) 


[symbol | ait | Parameter | Test Condition | Min 
|_tenvon_| tenes _| Protect Enable Valid to Clock High || 80 
| twon | tees _| Write Enable Valid to Glock High || 80 
| tswcn | tess | Chip Select High to GlockHigh | 80 
| toven | tors | Input Validto Clock High | 100 
| towox | tom | Clock Highto input Transition || 100 
| tcwar_| tro | Clock High to Outputtow | 800 
i | | 500 

re a 

: 3 ee 

ae Ee 

. i | Notes | 250 

, | 500 

[100 
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wn 
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wn 
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169) 
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a) 
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Chip Select Low to Chip Select High 

| txcz | tor | ChipSetectLowtoOutpurHiz | 

250 
250 


F 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcHct + tetcH 
must be greater or equal to 1 us For example, if tcuci is 250 ns, then tcicH must be at least 750 ns 
2. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
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Figure 4. Syncrounus Timing, Start and Op-Code Input 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 


The ST93CS66 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic ’1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-A0. 


The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Table 6. Instruction Set 


| READ | 


| Read Data from memory | Data from memory 


PAWRITE 


Page Write to memory 


| WEN | WriteEnable Enable 


PRREAD | Protect Register Read po] s 
PRWRITE | Protect Register Write por | 
PRCLEAR | Protect Register Clear aa 


PREN Protect Register Enable 


PRDS 


Note: X=don'tcare or dummy address bit. 


Protect Register Disable 


Additional 


Po | x | azao fatal ss 


we Sans wrvo_| ooo | ne 


Write one to 4 
words, if all 
A7-A0 D15-D0 addresses are 
unprotected 
015.00 | Wit all if Protect 


a eo = Se a 


Data Output is 
X XXXXXXXX | Q8-QO0 | Protect Address (A7- 
AO) plus Protect Flag 
Tele 11111111 


1" 00000000 


Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’ bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS66 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 


7-A0 Data above A7-A0 is 
protected 
Protect Flag also 
cleared (’1’) 
t | wooo | | 


OTP Flag set, 
prevents any further 
change to Protect 
Register 
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Figure 6. READ, WRITE, WEN, WDS Sequence 
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INSTRUCTIONS (cont’d) 


the Lowto High transition of the clock. After the LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = ’0’ and after the cycle is completed and 
the memory is ready for another instruction, Ready 
Dari: 

Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 


DATA OUT 


: CHECK ; 
: SCT AUS. 2 


cod eee oes eee eee es ees oe es ee 
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oe 
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‘Op! 
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DATA IN 
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sequently ignored (don’t care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A1-A0 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A7-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
’0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1’. 
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Figure 7. PAWRITE, WRALL Sequence 
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INSTRUCTIONS (cont'd) 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D = ’1’. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 


provide protection against noise and accidental 
write operations. 


Write Disable does not affect the Read operations. 
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MEMORY WRITE PROTECTION 


The ST93CS66 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write to- 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PRDS, this is used 
together with the Protect Register Enable signal 
(PRE). 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 
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MEMORY WRITE PROTECTION (cont'd) 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when it is written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


VAOOS01 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to '1’. Both the Protect Enable (PRE) and Write 
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Figure 9. PRCLEAR, PRDS Sequence 
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CODE 


MEMORY WRITE PROTECTION (cont'd) 


Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


APREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to ’0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion execution, but are subsequently ignored (don’t 
care). 
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A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PROLEAR. 


Protect Register Disable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST93CS66 ML 1 013TR 


Temperature Range | |____ Option 


B PSDIP8 1 Oto 70°C 013TR Tape & Reel 
CeO Eee 3 40 to 125°C 
MESES 6 -40 to 85 °C 


Parts are shipped with the memory content set at all “1’s” (OFFFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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2.0V SERIAL ACCESS CMOS 1K bit (64 x 16) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 

=» USER DEFINED WRITE PROTECT AREA 

=» PAGE WRITE MODE (4 WORDS) 

=» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

a “neo SIGNAL DURING PROGRAM- 

=» SEQUENTIAL READ OPERATION 

# 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS47 is a 1K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 1K bit 
memory is organised as 64 x 16 bit words. The 
ST93CS47 operates in read and write down to a 
2.5V supply voltage. 


The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


[D| SeriatDatatnput 
fo | Sena Data Output 


Write Enable 
Supply Voltage 
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Figure 1. Logic Diagram 
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Figure 2A. DIP Pin Connections 
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Table 2. Absolute Maximum Ratings 


Input or Output Voltages 


Supply Voltage 


Symbol Parameter | vee | Unit _ 
Ta Ambient Operating Temperature grade 1 0 to 70 
grade 3 —40 to 125 °C 
grade 6 —40 to 85 
Storage Temperature —65 to 150 
TLEAD Lead Temperature, Soldering (PSO8 package) 40 sec 215 °6 
(PSDIP8 package) 10sec 260 


Electrostatic Discharge Voltage (Human Body model) 2000 


Figure 2B. SO Pin Connections 
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Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
1024 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external signal controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 


2/11 ky SGS-THO 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 64 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 

The design of the ST93CS47 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vcc 


VA00825 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz) 


symbol Test Condition | Min | Max 
Input Capacitance pws | Tr 
Output Capacitance ee 


Note: This parameter is sampled only and not tested 100% 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 2.5V to 5.5V) 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Vcc = 2.5V to 5.5V) 


| Symbol | Alt 
[teaver | tenes | Protect Enable Valid to ClockHigh | 
two | _tees__| Write Enable Valid to Clock High | 
| tswcn | toss__| Chip Select High to GlockHigh || 5 
pS 
| grade | 


a 
wn 


= 
” 


Input Valid to Clock High 


Chip Select Low to Write Enable Transition ed 250 


=) 
wn 


Note 
| tsvov | tev | Chip Select High to Output Vaid | 

| tsoz | tor | ChipSelectLowto OutputHiz || 100 
250 
Erase/Write Cycle time ar ae 
| fe | tx | Clock Frequency | 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcuct + tcicH 
must be greater or equal to 1 us. For example, if tcuct is 250 ns, then tcicn must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 
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Figure 4. Syncrounus Timing, Start and Op-Code Input 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 


The ST93CS47 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic 1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of six bits A5-A0. 


The start Sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Table 6. Instruction Set 


PAWRITE 


WRALL Write All 


Ht Enable 
| wos | Write Disable 


Protect Register Read 


PRREAD 


PRWRITE Protect Register Write 
PRCLEAR Protect Register Clear 


PREN Protect Register Enable 


Protect Register Disable 


Note: X = don’t care or dummy address bit 
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Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’ bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS47 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 


Write one to 4 
words, if all 
addresses are 
unprotected 


XXXXXX 


A5-A0 


(A5-A0) plus 
OTP Flag set, 


00xXXX | 

Data Output is 
Q6-Q0 Protect Address 

Protect Flag 
Data above AS-A0 
is protected 
Protect fies also 
cleared (’ 
prevents any further 
change to Protect 
Register 


Figure 6. READ, WRITE, WEN, WDS Sequence 


ST93CS47 


. | | 
ae 
I ilo[as | Ad 
a a a [ais 


‘OP: 
CODE 


ae 
ji ]ofa]as ORE 


ADDR 


‘OP! 
CODE 


aye 
[i [o,0f1 fxs | xo| 


‘OP: 
CODE 


ADDR 


INSTRUCTIONS (cont'd) 


the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = ’0' and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D='1". 

Page Write 

A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 


words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 


——— 


DATA OUT 


: CHECK 
© SATUS: = 


eanoeeOO: | a 


' IBUSYIREADY: 
S | | 
Se 
D /1]0,0,0,0fx3 * xo] 


‘Op! 
CODE 


DATA IN 


WRITE 
DISABLE 
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sequently ignored (don’t care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A1-A0 
of the internal address register are incremented, 
the high order bits A5-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A5-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D = '1’. 
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Figure 7. PAWRITE, WRALL Sequence 
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' CHECK 
) STATUS: 3 


== al tact Fel fe Feel fd i! fae ie fa 
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‘OP! ADDR 
CODE 


DATA IN 


| BUSY! READY} 


J U | 


' CHECK 3 
> <SiAiUs. ¢ 


=“ fod eed ee Reed fee ee Dee eed el \ 
/']o,0,of;]xs xo]pis 00] 
pa ee atalelelolebatotst. 1. , 


‘OP! ADDR 
CODE 


INSTRUCTIONS (cont'd) 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D =’1’. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 


provide protection against noise and accidental 
write operations. 


Write Disable does not affect the Read operations. 


DATA IN 


| IBUSY! READY! 


* VA00890 


MEMORY WRITE PROTECTION 


The ST93CS47 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write 
together with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PRDS, this is used 
together with the Protect Register Enable signal 
(PRE). 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 


PROTECT 
RECISTER 
READ 


‘OP: 
CODE 


PROTECT 
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WRITE 
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| DATA OUT | 


| CHECK: 
' STATUS | 


)iJof [as Aol 


‘OP! 
CODE 


PROTEGE 
REGISTER 
ENABLE 


ADDR 


' BUSY: READY: 


= es = 


/i]o of ifx3 xo| 


‘OP: 
CODE 


MEMORY WRITE PROTECTION (cont'd) 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when it is written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


VA00891 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to ‘1’. Both the Protect Enable (PRE) and Write 
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Figure 9. PRCLEAR, PRDS Sequence 


PROTEGT 
REGISTER 
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‘OP! 
CODE 


PROTECT 
REGISTER 
DISABLE 


ADDR 


. STATUS 3 


i; eRe 11] : ! 


' IBUSY! READY: 


. CHECK 4 
( STATUS: 


iJooo00000 | ! 


‘OP! 
CODE 


MEMORY WRITE PROTECTION (cont'd) 


Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


A PREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to 0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion execution, but are subsequently ignored (don’t 
care). 
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ADDR 


| iBUSY: READY: 
VA00892 


A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 


Protect Register Disable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST93CS47. M 1 013TR 


B  PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.4 mm Frame 3 4010 125°C 
Me E208 6 40 to 85°C 


Parts are shipped with the memory content set at all “1’s” (OFFFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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2.5V SERIAL ACCESS CMOS 2K bit (128 x 16) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 

m SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 

=» USER DEFINED WRITE PROTECT AREA 

» PAGE WRITE MODE (4 WORDS) 

a» SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

" eo SIGNAL DURING PROGRAM- 

» SEQUENTIAL READ OPERATION 

=» 5ms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS57 is a 2K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 2K bit 
memory is organised as 128 x 16 bit words. The 
ST93CS57 operates in read and write down to a 
2.5V supply voltage. 


The memory is accessed by a set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


ro | Set Data put 
fo [ Sef Data Oust 


Supply Voltage 


1 


PSDIP8 (B) 
0.4mm Frame 


Figure 1. Logic Diagram 


S 1930597 


VA00905 


May 1992 
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Figure 2A. DIP Pin Connections 


SI IOV DoT 
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Table 2. Absolute Maximum Ratings 


Ambient Operating Temperature 


Storage Temperature 


Parameter 


Lead Temperature, Soldering (PSO8 package) 40 sec 

(PSDIP8 package) 10sec 
| Voc | Supplyvotage = sto | 
[eso | Elecrostate Discharge otago Human Bodymoe) «Yom |v 


Figure 2B. SO Pin Connections 


rol bc pO Ore yok 


VAQO905 


grade 1 
grade 3 —40 to 125 °C 
grade 6 -40 to 85 


—65 to 150 


260 
Ean 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


may affect device reliability. Refer also to the S@S-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
2048 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 
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Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 128 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 


The design of the ST93CS57 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 


Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data VA00825 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Voc = 2.5V to 5.5V) 


alte =| Input Leakage Current OV < Vin < Voc 


It < 
“0 
Output Low Voltage Ee 


lon = —400pA 
lon = -10pA 


<p 


Nm 


Output High Voltage 


< 
Q 
re) 
| 
oO 
ine) 
- 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 


Symbol Test Condition 


Protect Enable Valid to Clock High 
Write Enable Valid to Clock High 
Chip Select High to Clock High 


Ol 
oO 


Oo 


Ol 
oO 


[est Conation 
7 
a 
. Se 
Tver [tos [Input Vaidte lakh 
Tex | tom | lok igh to np ancon 
Toros | toy | Cock Highto Oubputlow 
Tesoy [or [Olek Highto Output Vaid 
exe | tres _| Glock Lowi Protect Enable Tension |_| 
ten [wan [hip Stet Low to Wit Enable Tansion | 
Tee | test | Olck Low to Chip Select ansiion | 
Tenor [tov [Chip Sect igh o Outpt void | «dt 
Tac | tr [Chip SeectLowioOupurniz | —*d tt 
ee a 


| twtr Erase/Write Cycle time 


Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 ps, therefore the sum of the timings tcucL + tctcu 
must be greater or equal to 1 ps. For example, if tcuct Is 250 ns, then tc.cy must be at least 750 ns 
2. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 


Figure 4. Syncrounus Timing, Start and Op-Code Input 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 


The ST93CS57 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic 1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-AO, but for the 2K 
ST93CS57 the MSB of the address (A7) is ignored 
(don't care). 


The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 


Table 6. Instruction Set 


[istucton | Description | Oy 
W 


READ Read Data from memory 


od 

10 

RITE Write Data to memory 01 
11 

10 

1 


PAWRITE | Page Write to memory a 


WRALL Write All 00 


Write Enable 
Write Disable 


PRREAD | Protect Register Read 


Note: 1. Address bit A7 is not used for the 2K ST93CS56 (don't care). 


2 X=don't care or dummy address bit. 
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(1) Additional 
jw | adaress” | pete | onal, 


1? 
4’ 
1? 


ar A7-A0 D15-D0 


Write all if Protect 
Le BUEN SEO Register cleared 
moon || 
OOXHKXXX | | 


[00 

00 

f= || + [ami oe 
(1) 


: re oe : Data above A7-A0 is 
PRWRITE | Protect Register Write 0 A7-A0O a protected (1) 
PRCLEAR | Protect Register Clear 11 4) 47 44gddat Protect Flag also 
cleared (’1’) 


PREN Protect Register Enable f 00 Pf | 11XXXXXX ae 


received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 
Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’ bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS57 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


Write if address 
BERD piers unprotected 


Write one to 4 
words, if all 

addresses are 
unprotected 


Data Output is 
Protect Address (A7- 
AO) plus Protect Flag 
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Figure 6. READ, WRITE, WEN, WDS Sequence 
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INSTRUCTIONS (cont'd) 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 
the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
Select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = ’0’ and after the cycle is completed and 
the memory is ready for another instruction, Ready 
Dai. 


ST93CS57 


DATA OUT 


» CHECK: 
: STATUS } 


nattatatattatnes SOL, 


DATA IN ' IBUSY!READY ' 


ERASE S fo 
WRITE 
ae 
D [i]0,0,0,0[xs * xo] 


DISABLE 
‘OP! 


CODE 
VA00899 


Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 
sequently ignored (don’t care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits Ai1-A0 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A6-A2 within the protected area. During the 
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Figure 7. PAWRITE, WRALL Sequence 
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INSTRUCTIONS (cont'd) 


write cycle, the Data Output will indicate Busy D = 
’0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D =’1’. 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D ='1’. 


Write Disable 


The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 
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DATA IN 


' !BUSY! READY! 


VAO00300 


provide protection against noise and accidental 
write operations. 


Write Disable does not affect the Read operations. 


MEMORY WRITE PROTECTION 


The ST93CS57 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write to- 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCLEAR, PRWRITE and PRDS, this is used 
ere with the Protect Register Enable signal 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 
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MEMORY WRITE PROTECTION (cont'd) 


by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


VAO0901 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when it is written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 
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Figure 8. PRCLEAR, PRDS Sequence 


PROTECT 
REGISTER 
CLEAR 


‘OP! ADDR 


CODE 


PRoOLECT 
REGISTER 
DISABLE 


‘OP! ADDR 


CODE 


MEMORY WRITE PROTECTION (cont'd) 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to ‘1’. Both the Protect Enable (PRE) and Write 
Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


A PREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
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CHECK 
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writing. The Protect Flag status bit is set to’0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion execution, but are subsequently ignored (don’t 
care). 


APREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 


Protect Register Disable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST938CS57  M 1 013TR 


Temperature Range | | __ Option 


B PSDIP8 1 Oto 70°C 013TR Tape & Reel 
0.4 mm Frame 3 -40t0 125°C 
Se 6 40 to 85°C 


Parts are shipped with the memory content set at all “1’s” (OF FFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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2.0V SERIAL ACCESS CMOS 4K bit (256 x 16) EEPROM 


= MINIMUM 1,000,000 ERASE/WRITE CYCLES, 
WITH OVER 10 YEARS DATA RETENTION 


= SINGLE 2.5V TO 5.5V SUPPLY VOLTAGE 

=» USER DEFINED WRITE PROTECT AREA 

=» PAGE WRITE MODE (4 WORDS) 

= SELF-TIMED PROGRAMMING CYCLE WITH 
AUTO-ERASE 

7 eo SIGNAL DURING PROGRAM- 

=» SEQUENTIAL READ OPERATION 

# Sms TYPICAL PROGRAMMING TIME 


DESCRIPTION 


The ST93CS67 is a 4K bit Electrically Erasable 
Programmable Memory (EEPROM) fabricated with 
SGS-THOMSON’s High Endurance Single Poly- 
silicon CMOS technology. The memory is ac- 
cessed by a simple serial interface. The 4K bit 
memory is organised as 256 x 16 bit words. The 
ST93CS67 operates in read and write down to a 
2.5V supply voltage. 


The memory is accessed by a Set of instructions 
which includes Read, Write, Page Write, Write All 
and instructions used to manage memory protec- 
tion. A Read instruction loads the address of the 
first word to be read into an internal address 
pointer. The data is then clocked out serially. The 
address pointer is automatically incremented after 
the word is output and it is possible, if the Chip 
Select input is held High, to output a sequential 


Table 1. Signal Names 


[>| Sera Data put 
fa |seralData Ouse 


Write Enable 
Supply Voltage 


May 1992 


14K a 
1 


4 


PSDIP8 (B) 


PSO14 (ML) 
0.4mm Frame 


Figure 1. Logic Diagram 


SOC S07 
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Figure 2A. DIP Pin Connections 


Seo ooe7 
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Table 2. Absolute Maximum Ratings 


Symbol 


Storage Temperature 


Parameter 


TA Ambient Operating Temperature grade 1 
grade 3 
grade 6 


(PSO14 package) 
(PSDIP8 package) 


Figure 2B. SO Pin Connections 


SI93CS67 


—40 to 85 


—65 to 150 


40 sec 
10 sec 


Input or Output Voltages —0.3 to 6.5 
L > Vee. | Supply Voltage —0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 


Lead Temperature, Soldering 
260 


may affect device reliability Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


DESCRIPTION (cont'd) 


stream of data words. In this way the memory can 
be read as a continuous data stream from 16 to 
4096 bits long. Up to 4 words may be written in a 
single program cycle using the Page Write instruc- 
tion. The memory may be ’erased’, or set to a 
predetermined pattern, by using the Write All in- 
struction. An external siganl controls Write Enable. 
A user defined area of the memory may be write 
protected. An external signal (PRE) enables ac- 
cess to the Protect Register which stores the lowest 
address to be write protected. Data may be perma- 
nently protected by programming an OTP bit which 
prevents further changes to the write protect start- 
ing address and the protect flag. 


Programming is internally self-timed and does not 
require an erase cycle prior to the write instruction. 
The Write instruction writes 16 bits at one time into 
one of the 256 words, the Page Write instruction 
writes up to 4 words of 16 bits to sequential loca- 
tions, both providing that all addresses are outside 
the write protect area. After the start of the program- 
ming cycle a Busy/Ready signal is available on the 
Data Output when Chip Select is High. 


The design of the ST93CS67 and the High Endur- 
ance CMOS technology used for its fabrication give 
a minimum Erase/Write cycle Endurance of 
1,000,000 cycles and a data retention of over 10 
years. 
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AC MEASUREMENT CONDITIONS Figure 3. AC Testing Input Output Waveforms 
Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.2Vcc to 0.8Vcc 


Input and Output Timing 
Reference Voltages 0.3Vcc to 0.7Vcc 


Note that Output Hi-Z is defined as the point where data ie 


is no longer driven. 


Table 3. Capacitance (Ta = 25 °C, f= 1 MHz ) 


Note: This parameter is sampled only and not tested 100%. 


Table 4. DC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or —40 to 125 °C; Vcc = 2.5V to 5.5V) 
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Table 5. AC Characteristics 
(Ta = 0 to 70 °C, —40 to 85 °C or -40 to 125 °C; Voc = 2.5V to 5.5V) 


Tsymoot [an [Parameter | Test Gonaivon | win | wax | Unt 
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aa hae tT 
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Tterar | ton | Otek Hight Ouputtow sd SSSC~*dCi 
Tenor [wor | Otc Hight Out vais 
eveme | tones | Glock Low o Protect Grate Tarsion [=~ io 
taune | teen | Chip Stet Low to Wit Enable Tension || 260 | | ns 
Ttewxe | tan | Cteck Low to hip Seles Tansiton | ———Si (| ide 
Tsu | tes | Chip Seect Low to Chip Setecttigh [Wow as0 || ne 
Tour [tev | Chip Select Highto Ouputvaid | oo | 
tear | tor | Grip Seectiow to Oureeniz | ———* too | ie 
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Notes: 1. The Clock frequency specification calls for a minimum clock period of 1 us, therefore the sum of the timings tcHct + tcLcH 
must be greater or equal to 1 ws. For example, if tcc 1s 250 ns, then tctcH must be at least 750 ns. 
2. Chip Select must be brought low for a minimum of 250 ns (tstsH) between consecutive instruction cycles. 


Figure 4. Syncrounus Timing, Start and Op-Code Input 
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Figure 5. Syncronous Timing, Read or Write 
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INSTRUCTIONS 


The ST93CS67 has eleven instructions which are 
shown in Table 6. The op-codes of the instructions 
are made up of 2 bits, preceded by a start bit which 
is always at logic 1’. Some instructions use only 
these first two bits, others use also the first two bits 
of the address to define the op-code. The op-code 
is followed by an address for the word which is 
made up of eight bits A7-A0. 


The start sequence requires the Chip Select and 
Data Input signals to be set up before a Low to High 
transition of the Clock. For write instructions the 
Write Enable signal (W) must be High and for 
Protect Register instructions the Protect Register 
Enable signal (PRE) must also be High. 


Read 


The Read instruction (READ) outputs serial data 
on the Data Output Q. When a READ instruction is 
received, the instruction and address are decoded 
and the data from the memory is transferred into 
an output shift register. A dummy ’0’ bit is output 
first followed by the 16 bit word with the MSB first. 


Table 6. Instruction Set 


mom | nein | 
READ Read Data from memory 


WRITE Write Data to memory 


PAWRITE | Page Write to memory 


WRALL Write All 


| wos | WriteDisable Disable 


Protect Register Disable ne 
Note: X = don't care or dummy address bit. 
6/11 ITA 
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Data nm is 
PRREAD j} Protect Register Read XXXXXXXX | Q8-QO | Protect Address (A7- 
AO) plus Protect Flag 
PRWRITE | Protect Register Write EEE A7-A0O 
PRCLEAR | Protect Register Clear 114111111 Protect a also 
cleared (’ 


‘ci _— a 


Output data changes follow the Low to High tran- 
sition of the Clock. The memory will automatically 
increment the address and will clock out the next 
word as long as the Chip Select line is held High. 
In this case the dummy ’0’ bit is NOT output be- 
tween words and a continuous stream of data can 
be read. 


Write Enable 


When power is first applied to the ST93CS67 write 
operations are disabled. To enable write operations 
the Write Enable signal (W) must be High and a 
Write Enable instruction (WEN) must be executed. 
After the WEN instruction write operation remains 
enabled until either a Write Disable instruction 
(WDS) is executed or the supply is removed from 
the device. 


Write 


A Write instruction (WRITE) contains the address 
followed by the data to be written. The Write Enable 
signal (W) must be High before and during the 
WRITE instruction, but is subsequently ignored 
(don’t care). Input address and data are read on 


Additional 
| adress | pata | Aitlonal 
arao farsaof 


Write if address 
nen eee unprotected 


Write one to 4 

words, if all 
A7-A0 D15-D0 addresses are 

unprotected 


015.00 | Wit all if Protect 
| once | Dio: | 015.00 Register cleared 


i above A7-A0 is 
Le 


OTP Flag set, 
prevents any further 
change to Protect 
Register 
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Figure 6. READ, WRITE, WEN, WDS Sequence 
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INSTRUCTIONS (cont'd) 


the Low to High transition of the clock. Afterthe LSB 
of data has been received, the Chip Select signal 
(S) must be brought Low before the next rising 
edge of the Clock (C). The falling edge of Chip 
select (S) initiates the internal, self-timed write 
cycle, providing that the address is NOT in the 
protected area. If Chip Select (S) is brought High 
again after a minimum time of tSLSH then the Data 
Output (D) will indicate the Busy/Ready status. 
During the write cycle, the Data Output will indicate 
Busy D = ’0’ and after the cycle is completed and 
the memory is ready for another instruction, Ready 
D='1’. 

Page Write 


A Page Write instruction (PAWRITE) contains the 
first address to be written followed by up to 4 data 
words. The Write Enable signal (W) must be High 
before and during the Write instruction, but is sub- 


ST93CS67 
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sequently ignored (don't care). Input address and 
data are read on the Low to High transition of the 
clock. After the receipt of each data word bits A1-A0 
of the internal address register are incremented, 
the high order bits A7-A2 remaining unchanged. 
Users must take care by software to ensure that 
the last word address has the same five upper 
order address bits as the the initial address trans- 
mitted to avoid address roll-over. 


After the LSB of the last data word, Chip Select (S) 
must be brought Low before the next rising edge of 
the Clock (C). The falling edge of Chip Select (S) 
initiates the internal, self-timed write cycle. The 
write operation will proceded only if NONE of the 
addresses of the 1-4 data words has its address 
bits A7-A2 within the protected area. During the 
write cycle, the Data Output will indicate Busy D = 
’0’ and after the cycle is completed and the memory 
is ready for another instruction, Ready D =’1’. 
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Figure 7. PAWRITE, WRALL Sequence 
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INSTRUCTIONS (cont'd) 


Write All 


The Write All instruction (WRALL) is valid only after 
the Protect Register has been cleared by executing 
a PRCLEAR (Protect Register Clear) instruction. 
The Write All instruction simultaneously writes all 
memory locations with the data word included in 
the instruction. The Write Enable signal (W) must 
be High before and during the Write instruction, but 
is subsequently ignored (don’t care). Input address 
and data are read on the Low to High transition of 
the clock. During the write cycle, the Data Output 
indicates Busy D = ’0’ and after the cycle is com- 
pleted and the memory is ready for another instruc- 
tion, Ready D =°1’. 

Write Disable 

The Write Disable instruction (WDS) disables all 
write operations. It should be used after all write 
instructions to disable writing to the memory and 


provide protection against noise and. accidental 
write operations. 


Write Disable does not affect the Read operations. 
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MEMORY WRITE PROTECTION 


The ST93CS67 contains a specific Protect Regis- 
ter. This register stores the bottom address of the 
memory area which is protected against write to- 
gether with two flag bits, the Protect Flag which 
indicates the protection status and an OTP bit 
which may be set to permanently disable access to 
the Protect Register and thus prevent any further 
changes to the memory protection setting. The 
address from which the memory is to be protected 
is loaded using the PRWRITE instruction, it may be 
read using the PRREAD instruction. There is a 
specific instruction, Protect Register Enable 
(PREN), to enable the protect instructions 
PRCOLEAR, PRWRITE and PRDS, this is used 
together with the Protect Register Enable signal 
(PRE). 


In order to program the protection the Write Enable 
instruction must first be executed. This is followed 
by asserting both Write Enable (W) and Protect 
Register Enable (PRE) signals and executing the 
PREN instruction. The protection may then be set 
using Protect Register Write (PRWRITE), cleared 
using the Protect Register Clear (PRCLEAR) or set 
permanently using the Protect Register Disable 
(PRDS) instructions. 


OMSON 
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Figure 8. PRREAD, PRWRITE, PREN Sequence 
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MEMORY WRITE PROTECTION (cont'd) 


Protect Register Read 


The Protect Register Read instruction (PRREAD) 
outputs on the Data Output Q the address stored, 
followed by the Protect Flag status bit. The Protect 
Register Enable signal (PRE) must be High before 
and during the instruction. As in the Read instruc- 
tion a dummy ’0’ bit is output first. 


Since it is not possible to distinguish between the 
status when the Protect Register is cleared (all 1’s) 
and when it is written with all 1’s, users must check 
the Protect Flag status, not the Protect Register 
contents to ascertain the setting of the memory 
protection. 


Kyy BeSoltiomones 


VA00901 


Protect Register Enable 


The Protect Register Enable instruction (PREN) is 
used to enable the PRCLEAR, PRWRITE and 
PRDS instructions. A Write Enable (WEN) instruc- 
tion must be executed before the Protect Enable 
instruction. Both the Protect Enable (PRE) and 
Write Enable (W) signals must be High before and 
during the instruction execution. 


Protect Register Clear 


The Protect Register Clear instruction (PRCLEAR) 
clears the address stored in the protect register to 
all 1’s, and thus enables all registers for WRITE and 
WRALL instructions. It also clears the Protect Flag 
to 1’. Both the Protect Enable (PRE) and Write 
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Figure 9. PRCLEAR, PRDS Sequence 
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MEMORY WRITE PROTECTION (cont'd) 


Enable (W) signals must be High before and during 
the instruction execution, but are subsequently ig- 
nored (don’t care). 


A PREN instruction must immediately precede the 
PRCLEAR instruction. 


Protect Register Write 


The Protect Register Write instruction (PRWRITE) 
is used to write into the protect register the address 
of the first memory location to be protected. After 
the instruction all memory locations equal to and 
above the location specified are protected from 
writing. The Protect Flag status bit is set to 0’. Both 
the Protect Enable (PRE) and Write Enable (W) 
signals must be High before and during the instruc- 
tion ee but are subsequently ignored (don’t 
care). 


ADDR 
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A PREN instruction must immediately precede the 
PRWRITE instruction, but it is not neccessary to 
execute first a PRCLEAR. 


Protect Register Disable 


Caution: The Protect Register Disable instruction 
(PRDS) is a ONE TIME ONLY instruction which 
makes the Protect Register unalterable in the fu- 
ture, it does this by setting a One Time Program- 
mable bit in the Protect Register. Both the Protect 
Enable (PRE) and Write Enable (W) signals must 
be High before and during the instruction execu- 
tion, but are subsequently ignored (don’t care). 


A PREN instruction must immediately precede the 
PRDS instruction. 
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ORDERING INFORMATION 


Example: ST93CS67 ML 1 013TR 


Temperature Range | |____ Option 


B PSDIP8 1 Oto70°C 013TR Tape & Reel 
0.4 mm Frame 3 4010 125°C 
Warr 6 -40to 85°C 


Parts are shipped with the memory content set at all “1’s” (OF FFFh). 


For a list of available options of Package and Temperature Range refer to the Selector Guide in this Data 
Book or to the current Memory Shortform that will be periodically updated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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PARALLEL ACCESS EEPROM 


kyz 3&5 THOMSON M28C64C 


PARALLEL ACCESS CMOS 64K (8K x 8) EEPROM 


= FAST ACCESS TIME: 150, 200ns 
= SINGLE SUPPLY VOLTAGE: 5V+10% 
=» LOW POWER CONSUMPTION: 
— Active Current 30mA 
— Standby Current 100uA 
= FAST WRITE CYCLE: 
— 32 Bytes Page Write Operation 
— Byte Or Page Write Cycle: 5ms PDIP28 PLCC32 
= ENHANCED END OF WRITE DETECTION: 
— Ready/Busy Open Drain Output 


— Data Polling —. 
— Toggle Bit 28\ 
» PAGE LOAD TIMER STATUS BIT 


= HIGH RELIABLITY SINGLE POLYSILICON, 
CMOS: PSO28 (M) 


330 mils 
— Endurance > 100,000 Erase/Write Cycles 
~ Data Retention > 10 Years 
=» JEDEC APPROVED BYTEWIDE PIN OUT Figure 1. Logic Diagram 
= ADDRESS AND DATALATCHED ON-CHIP 


DESCRIPTION 


The M28C64C is an 8K x 8 low power EEPROM 
fabricated with SGS-THOMSON proprietary single 
polysilicon CMOS technology. The device offers 
fast access time (150ns) with low power dissipation 
and requires a 5V power supply. 


K 7 > DQO0—-DQ7 


Table 1. Signal Names M28C64C 
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Table 2. Absolute Maximum Ratings 


Symbol 


Unit 

Ambient Operating Temperature: grade 1 
grade 6 — 40 to 85 

Storage Temperature Range 

. 

V 


° 
° 


Input or Output Voltages — 0.3 to 6.5 
Electrostatic Discharge Voltage (Human Body model) 2000 aa 


Note: Except for the rating “Operating Temperature Range”, stresses above those listed in the Table “Absolute Maximum Ratings” may cause 
permanent damage to the device. These are stress ratings only and operation of the device at these or any other conditions above those 
indicated in the Operating sections of this specification is not implied. Exposure to Absolute Maximum Rating conditions for extended periods 
may affect device reliability. Refer also to the SGS-THOMSON SURE Program and other relevant quality documents. 


Figure 2A. DIP Pin Connections Figure 2B. LCC Pin Connections 
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Warning: NC = No Connection Warning: NC = No Connection 


Figure 2C. SO Pin Connections The circuit has been designed to offer a flexible 
microcontroller interface featuring both hardware 
and software handshaking with Ready/Busy, Data 
Polling and Toggle Bit. The M28C64C supports 32 
byte page write operation. 


PIN DESCRITPION 


Addresses (A0-A12). The address inputs select 
an 8-bit memory location during a read or write 
M28C64C operation. 


CON MOA WN 


Chip Enable ( E ). The chip enable input must be 
low to enable all read/write operations. When Chip 
Enable is high, power consumption is reduced. 


Output Enable (G). The Output Enable input 
controls the data output buffers and is used to 


VAQ0876 initiate read operations. 
Data In/ Out (DQO - DQ7). Data is written to or read 
Warning: NC = No Connection from the M28C64C through the I/O pins. 
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Figure 3. Block Diagram 
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Table 3. Operating Modes 


poe | EL || 
a 


Output Disable 


Note: X = Vin or Vit 
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PIN DESCRIPTION (cont'd) 


Write Enable (W ). The Write Enable input con- 
trols the writing of data to the M28C64C. 


Ready/Busy ( RB ). Ready/Busy is an open drain 
output that can be used to detect the end of the 
internal write cycle. 


OPERATION 
Read 


The M28C64C is accessed like a static RAM. 
When E and G are low with W high, the data 
addressed is presented on the I/O pins. The 1/O 
pins are high impedance when either G or E is high. 


Write 


Write operations are initiated when both W and E 
are low and Gis high. The M28C64C supports both 
E and W controlled write cycles. The Address is 
latched by the falling edge of E or W which ever 
occurs last and the Data on the rising edge of E or 
W which ever occurs first. Once initiated the write 
operation is internally timed until completion within 
oms. 


Page Write 


Page write allows up to 32 bytes to be consecu- 
tively latched into the memory prior to initiating a 
programming cycle. All bytes must be located in a 
single page address, that is A5 - Ai2 must be the 
same for all bytes. The page write can be initiated 
during any byte write operation. Following the first 
byte write instruction the host may send another 
address and data up to. a maximum of 100us after 
the rising edge of Eor W which ever occurs first. If 
a transition of E or W is not detected within 100us, 
the internal programming cycle will start. 


Microcontroller Control Interface 


The M28C64C provides two write operation status 
bits and one status pin that can be used to minimize 
the system write cycle. These signals are available 
on the I/O port bits DQ7 or DQ6 of the memory 
during programming cycle only, or as the RB signal 
on a separate pin. 


Figure 4. Status Bit Assignment 


DQ7 DQ6 DQ5 DQ4 DQ3 DQ2 DQi DQ 


Lop | te [puts| wiz | iz | Hz | HZ | HZ 


Data Polling 


= Toggle Bit 
= Reserved, definition pending 
= Page Load Time Status 
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Data Polling bit (DQ7). During the internal write 
cycle, any attempt to read the last byte written will 
produce on DQ7 the complementary value of the 
previously latched bit. Once the write cycle is fin- 
ished the true logic value appears on DQ7 in the 
read cycle. 

Toggle bit (DQ6). The M28C64C also offers an- 
other way for determining when the internal write 
cycle is completed. During the internal Erase/Write 
cycle, DQ6 will toggle from “O" to 1" and “1" to "0" 
(the first read value is “O") on subsequent attempts 
to read the memory. When the internal cycle is 
completed the toggling will stop and the device will 
be accessible for a new Read or Write operation. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 20ns 
Input Pulse Voltages 0.4V to 2.4V 
Input and Output Timing Ref. Voltages  0.8V to 2.0V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 5. AC Testing Input Output Waveforms 


VA00826 


Figure 6. AC Testing Load Circuit 


DEVICE 
UNDER 
TEST C, =100pF 


a 


C; includes JIG capacitance 


VA00828 


SON 


M 
MICROELECTRONICS 


956 
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Table 4. Capacitance (Ta = 25 °C, f= 1 MHz) 


Symbol Test Condition [wn |__| 
Input Capacitance 


CoutT Output Capacitance 


Notes. 1. Vcc must be applied simultaneously with or before Vepp and removed simultaneously with or after Vep. 


2. This parameter is sampled only and not tested 100%. 


Table 5. Read Mode DC Characteristics 


(Ta = 0 to 70 °C or —40 to 85 °C, Voc = 5V + 10%) 


Symbol Test Condition | Min | Max | Unit | 


Output Leakage Current 


Input Leakage Current 


Supply Current 


| Vn | Input Low | input Low Voltage 


=a Input High Voltage 


Output High Voltage 


OPERATION (cont'd) 


Page Load Timer Status (DQ5). In the Page Write 
mode data may be latched by E or W up to 100us 
after the previous byte. Up to 32 bytes may be 
input. The Data output (DQ5) indicates the status 
of the internal Page Load Timer. DQ5 may be read 
by asserting Output Enable Low. DQ5 Low indi- 


E= | EeVG=Wu,f=5MHz | Vit, f= 5 MHz 


aoe 
Pana SET ae 
2 


loH = —400 nA 


-0.3 


cates the timer is running, High indicates time-out 
after which the write cycle will start and no new data 
may be input. 

Ready/Busy pin. The RB pin provides a signal at 
its open drain output which is low during the 
erase/write cycle, but which is relased at the com- 
pleting of the programming cycle. 
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Table 6. Read Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85 °C, Voc = 5V+ 10%) 


Ea 
ED 


Note: 1. Output float is defined as the point where data is no longer driving. The parameter is sampled only and not 100% tested. 


Figure 7. Read Mode AC Waveforms 


AQ—A12 VALID 


tAVQV 


a 


DQO=DO7 DATA OUT 


VA00749 


6/10 : 
yy SSoReiaen 
558 


M28C64C 


Table 7. Write Mode AC Characteristics 
(Ta = 0 to 70 °C or —40 to 85°C, Vcc = 5V £10%) 


Parameter 
tas Address Valid to Write Enable Low 
tas Address Valid to Chip Enable Low 


tGHWL toes 


| GV, Wa Ve 
twp Write Enable Low to Write Enable High CP 
twp Chip Enable Low to Chip Enable High Ree eal 150 
tcEH Write Enable High to Chip Enable High Roe ee! 


Write Enable High to Output Enable 
tWHGL toEH L 


toEH Chip Enable High to Output Enable Low 
: 
toy Chip Enable High to Input Transition 

D 


| 
fl 

< 

= 


Test Condition 


a 
m 
M 
<= 
— 


— 
o1 
Oo 


Ee Vit, Ge Vin ns 


Ge Vin, W=Vi ns 


Chip Enable Low to Write Enable Low n 


=) 
”n 


Output Enable High to Write Enable 
Low 


S| 
Il 
< 


Output Enable High to Chip Enable Low 


Write Enable Low to Chip Enable Low 


G) 
i 
=< 
pa 


Write Enable Low to Address Transition 


t 


taH 

AH Chip Enable Low to Address Transition 
tov Write Enable Low to Input Valid E = Vi, 
to 


Vv Chip Enable Low to Input Valid 


ec 


a) 
n 


| 
| 
ul 
< 
rr 
=) 2 ae i A ee | 
on 1a |o |ao |a | a 


— 
n 


fe) 
= 


3 
no 


Chip Enable High to Write Enable High 


=) 
wn 


ze 
1°?) 


H Write Enable High to Input Transition 


Write Enable High to Write Enable Low 


ye) 
-) 
oO 


Byte Load Repeat Cycle Time 100 us 


Note: 1. With a 3.3kQ pull-up resistor. 
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Figure 8. Write Mode AC Waveforms - Write Enable Controlled 


AO-A1i2 = VALID 


tAVWL tWLAX 


E \ 


A 
tGHWL tWLWH * tWHGL 


tWLDV tWHWL 


DQO0-—DQ7 DATA IN Ls 
bene tDVWH tWHDX hes 


tWHRL 
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Figure 9. Write Mode AC Waveforms - Chip Enable Controlled 


VALID 


tAVEL tELAX 


DQO—DQ7 


VA00751 
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Figure 10. Page Write Mode AC Waveforms 


AQ—Ai2 Addr OJ} Addr 1 fAddr 2 


DQO0—DQ7 


VA00752 


Figure 11. Data Polling Waveforms Sequence 


! 
| 
| 


a 3 Y 


, 


' READY 
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Figure 12. Toggle Bit Waveforms Sequence 
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ORDERING INFORMATION 


Example: M28C64C -150 K 1 


Temperature Range 


-150 150 ns K PLCOC32 1 Oto 70°C 
-200 200 ns P PDIP28 6 -40 to 85°C 
M PSO28 
330 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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FAST SRAM 


563 


kyg SES THOMSON 621064 


VERY FAST CMOS 64K x 1 SRAM 


= 64K x 1 CMOS FAST SRAM 


=» EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15, 20ns 


= SEPARATE DATA INPUT AND DATA OUTPUT 
PINS 24 

=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 29 { 
AGES 


1 


PSDIP22 (PS) PSOJ24 (E) 
300 mils 


DESCRIPTION 


The M621064 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 65,536 words by 1 bit. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


Figure 1. Logic Diagram 


Table 1. Signal Names 


es 
ce 
re [enone 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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22 
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20 
19 
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16 
19 
14 
sR 
TZ 
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2 
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: 6 
0 7 
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>> © 
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Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


oa | i 
i 


Notes: 1. Up to amaximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Note: X = Vin or Vit 
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READ MODE 


The M621064 is in the Read mode whenever Write 
Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from one of the 
65,536 locations in the static memory array, spec- 
ified by the 16 address inputs. Valid data will be 
available at the Q output pin within tavav after the 
last stable address, if E is Low. If Chip Enable 
access time is not met, data access will be mea- 
sured from the limiting parameter (teLav) rather 
than the address. Data out may be indeterminate 
at teLax, but datalines will always be valid at tavav. 


WRITE MODE 


The M621064 is in the Write mode whenever the 
W and E pins are Low. Either the Chip Enable input 
(E) or the Write Enable input (W) must be de-as- 
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tavwi and tavec respectively, 
and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


If the Output is enabled (E Low and W High), then 
W will return the outputs to high impedance within 
twLaz of its falling edge. Data input must be valid 
for tovwu before the rising edge of Write Enable, or 
for tovHe before the rising edge of E whichever 
occurs first, and remain valid for twHpx or tEHDx. 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 


[symbot | __Parameter | _‘TestGondion [win [wor [Unt 
tn [ipscapetence ev | 
Gaur [ouputcapastence | Voneov | 


M621064 


OPERATIONAL MODE 


The M621064 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High). 
Operational modes are determined by device con- 
trol inputs W and E as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
C.=30pF or SpF 


C, includes JiG capacitance 
VA00829 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


[symbol | Parameter | Test Condition | Min 
| tu | inputLeakage Curent | Os VwsVeo | 
| ho | Outputteakage Curent | OV VoursVeo | 
leo | suppycurent | Meoessv || te | ma 
[leo | Supply Current Standby) TTL_ | Veo=8V.E=Wut=o | | 40 | ma 
[lcci _| Supply Curent (Standby) CMOS | Voo=5SV,E=Veo~o2vt=0| | 10 | mA 
Ld 
Ze 


Tv [iputtowvetage Pid 
vn [pug tage 
Tv | ouput tow tage em 


Notes: 1. Average AC current, Outputs open, cycling at tavay minimum 
2. All other Inputs at Vic < 0 8V or Vin 2 2.2V 
3. All other Inputs at Vi < 0.2V or Vin 2 Vcc — 0.2V 


2.4 


Table 6. Read Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M621064 
Symbol Parameter 


ao | (a2 | as | 20 
Read Cycle Time 
Address Valid to Output Valid 


|| 0 
Chip Enable Low to Output Valid Pi aoe] 
Chip Enable Low to Output Transition eaeslt | 
pols 
el | 


teHar 2) up Enable High to Output 
Hi-Z 
t (1) Address Transition to Output 
RAK Transition 
C 


Notes: 1. C_ = 30pF 
2. CL = 5pF 


Figure 4. Read Mode AC Waveforms 


VALID 


VAQ0956 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc =5V + "aa, 


|  eztosa ssid 064 
Hae Faas Fees 
ade ee 


| tomy | Write cyctetime | to | fe | is || ao | ns 
ne [ess aio Wie Enaiotew [0 | [of To] [0] [as 

tw | Address Valid to Write Enable High | 9 | [| 9 | | to | | v2 | | as | 
ea sesevaitocnpenme sis fe) jee bp 
| fe] fo} jel | 


t Write Enable High to Address 
WHAX | Transition 


ee te 
| twiox” | Write Enable High to Output Transition | 0 | | o | | o | | o | | ns 
| twaz'” | Write Enable Low toOutputHiz | o | 6 | o | 8 | o | 8 | o | 10 | ns | 
testes vaetecapenetey fo [_} oe | fet fm 
| teren__| Chip Enable Low to ChipEnableHigh | 7 | | 9 | | wo | | 15 | | 


t Chip Enable High to Address 
ene Transition 


av rpu Vaio We Eat righ | 5 | 
a 


Note: 1. C. = 5pF 


Figure 5. Write Enable Controlled, Write AC Waveforms 


tWHQX 


tWHDX 


| DATA INPUT 


VAQ0957 
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Figure 6. Chip Enable Controlled, Write AC Waveforms 


tEHDX 


DATA INPUT | 


tDVEH 


VA00958 


ORDERING INFORMATION 


Example: M621064 -10 E 1 


Temperature Range 


-10 10 ns PS PSDIP22 1 Oto70°C 
-12 12 ns E PSOJ28 

45 oe 300 mils 

-20 20 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 16K x 4 SRAM 


=» 16K x 4 CMOS FAST SRAM 


=» EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15, 20ns 


a TRI-STATE COMMON I/O 


=» JEDEC PLASTIC SOJ and DIP, 300 mils PACK- 
AGES 


DESCRIPTION 


The M624016 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 16,384 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
SV + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


a Co 


—_ 


22 1 
1 


PSDIP22 (PS) PSOUJ24 (E) 


300 mils 


Figure 1. Logic Diagram 


M624016 


VA00943 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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21 
20 
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16 
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CON OOF WN 


1 

Z 
3 
4 
2 
6 
5 
8 


— — © 
a AED 
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Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


a ae ee 
[Ambiont Operating Temperature | to | 
es a Te 
| Vio” | inputor Output Vorages | 0S toVeos05 | 
Te sep ige 
fo [ouptouen Cd 

[~~ r a ae 


Power Dissipation 1 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2. One output at atime, not to exceed 1 second duration. 


Table 3. Operating Modes 


Note: X = Vin or Vit 
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READ MODE 


The M624016 is in the Read mode whenever Write 
Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from four of the 
65,536 locations in the static memory array, spec- 
ified by the 14 address inputs. Valid data will be 
available at the four Q output pins within tavav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter teLav, rather 
than the address. Data out may be indeterminate 
at tELax;, but datalines will always be valid at tavav. 


WRITE MODE 


The M624016 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be deasserted during Access transitions for subse- 
quent write cycles. Write begins with the concur- 
rence of Chip Enable being active with W Low. 
Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tavwi and taveL, 
respectively, and is determined by the latter occur- 
ring edge. The Write cycle can be terminated by the 
earlier rising edge of E or W. 


If the Output is enabled (E Low, and W High), then 
W will return the outputs to high impedance within 
twLaz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tovwu before the rising edge 
of Write Enable, or for toveH before the rising edge 
of E, whichever occurs first, and remain valid for 
tWHDx Or tEHDx. 


Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


Symbol 
Input Capacitance 


M624016 


OPERATIONAL MODE 


The M624016 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E 
High). Operational modes are determined by de- 
vice control inputs W and E, as summarized the 
Operating Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
C_=30pF or SpF 


Cy includes JIG capacitance 
VA00829 


Test Condition 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Input Leakage Current ovevmsvoc | | et | na 
3) uA 


: 
Supply Current Voc = 5.5V 


: =5 || to | mm 
Supply Curent Standby) TTL | Veo=S8VE=Vmt=0 | | 40 | ma _| 
: Voo=02vii20| 


( ) 
Supply Current (Standby) CMOS | Vcc = 5.5V, E = Vcc — 0.2V, f= 


Output High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2 2V 
3. All other Inputs at Vir < 0 2V or Vin = Vec — 0.2V 


Table 6. Read Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M624016 
Symbol Parameter 


Notes: 1. Ci = 30pF 
2. Ci = 5pF 


Figure 4. Read Mode AC Waveforms 


tAVAV asd 
VALID 


=== tAVQV tAXQX 


tELQV tEHQZ 


DQO0—DQ3 


VA00946 


4/6 
a ky7 SGS-THOMSON 


M624016 


Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Voc = 5V + 10%) 


M624016 


[Min | Max | Min | Max | Min | Max | Min | Max 
| tay | Write Cycietime | to | fe | ts || ao || ns 
| tw _| Address Valid towriteEnabletow | 0 | | o | | o | | o | | as | 
| tava | Address Valid ioWriteEnableHigh | 9 | | 9 | | to | | 2] | as | 
pf eT | as | 


t Write Enable High to Address 

WHAX | Transition 
Write Enable High to Input Transition 
Chip Enable High to Input Transition 


= 
oO 


t Chip Enable High to Address 
eny Transition 
Input Valid to Write Enable High 
Input Valid to Chip Enable High 


Note: 1. C. =5pF 


aw | 


o1 


Figure 5. Write Enable Controlled, Write AC Waveforms 


tWHQX 


tWHDX 


tDVWH 
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Figure 6. Chip Enable Controlled, Write AC Waveforms 


DQ0—DQ3 
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ORDERING INFORMATION 


Example: M624016 -10 E 1 


Temperature Range 


-10 10 ns PS PSDIP22 1 Oto70°C 
-12 12ns E PSOJ24 

45 15 As 300 mils 

-20 20 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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_ VERY FAST CMOS 16K x 4 SRAM WITH OUTPUT ENABLE 


=» 16K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


= EQUAL CYCLE AND ACCESS TIME: 
10, 12, 15, 20ns 


=» TRI-STATE COMMON 1/O 


=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M624017 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 16,384 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
SV + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


fe [oneness 
fe [outers 
es 
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a 


24 1 
1 


PSDIP24 (PS) PSOJ24 (E) 


300 mils 


Figure 1. Logic Diagram 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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20 
19 
M624017 12 
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1 ] 
2 2 
3 5 
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5 5 
6 6 
7 7 
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VA00938 VA00939 


Warning: NC = No Connection. Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 
Active 


Deselect Standby 


Note: X = Vin or Vi 
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READ MODE 
The M624017 is in the Read mode whenever Write 


Enable (W) is High, with Output Enable (G) Low 
and Chip Enable (E) asserted Low. This provides 
access to data from four of the 65,536 locations in 
the static memory array, specified by the 14 ad- 
dress inputs. Valid data will be available at the four 
Q output pins within tavav after the last stable 
address, providing G is Low and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (teLav or taLav) rather than the address. 
Data out may be indeterminate at teLqx and teLax, 
but data address lines will always be valid at tavav. 


WRITE MODE 


The M624017 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E, or W must 
be deasserted during address transitions for sub- 
sequent write cycles. Write begins with the concur- 
rence of Chip Enable being active with W Low. 
Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tAVWL and tAVEL 
respectively, and is determined by the latter occur- 
ring edge. The Write cycle can be terminated by the 
earlier rising edge of E or W. 


If the Output is enabled (E Low, and G Low), then 
W will return the outputs to high impedance within 
twLaz Of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tpvwu before the rising edge 
of Write Enable, or for toveH before the rising edge 
of E, whichever occurs first, and remain valid for 
tWHDx Or tEHDx. 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


[Symbol | ___—Parameter_—— | __Test Condition | Min | Max | Unit 
| Ow | inputcapacitance | wav | | |e 
[Cour | OutputCapacince | Vor=ov | || 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 


M624017 


OPERATIONAL MODE 


The M624017 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High. An 
Output Enable (G) pin provides a high speed tri- 
state control, allowing fast read/write cycles to be 
achieved with the common |/O data bus. Opera- 
tional modes are determined by device control 
inputs W and E, as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages  1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST. 
CC, =30pF or Spr 


Cy includes JIG capacitance 
VA00829 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Output Leakage Current OV < Vout $ Vcc 


ae Supply Current Voc = 5.5V 


ee Supply Current (Standby) Vice Ss EaViGt 
TTL , 


<a ae ee 
Se a 
[Var [oupattow votags [aes 
[var [oupattigh votge | tove~ima =i aa 


Notes: 1. Average AC current, Outputs open, cycling at tavayv minimum 
2. All other Inputs at Vic < 0.8V or Vin = 2.2V 
3 All other Inputs at Vit < 0.2V or Vin = Vec — 0.2V 


Table 6. Read Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 
M624017 


Symbol Parameter 12 


as | to 

[in | Max | min | Max | min | ax | min | Max 

= aoe ent Ca 
wo [ramerswooene [Tel Tet Tel [ato 


reer fagemmmnor | Tw] To] Te] fap 
(2) Chip Enable Low to Output 

t (2) Output Enable Low to Output 

eter Transition nS 
qpewoeronwown To Ts fo | 7 | ole [| w| » 
apenas BRB nonine 

t Address Transition to Output 

Axax | Transition 


Notes: 1. C_ = 30pF 
2 CL.=5pF 


~~ 
_ 
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Figure 4. Read Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M624017 


| tawny [Write cycletime | to | 15 
| twnn | Address Valid to Write EnableLow | 0 | 
[tani | Address Valid to Write Enable High | 9 | 
| twen | Address Validto Chip Enable High | 9 | 
| tm | Write Enable Pulse width | | 


ee 
Transition 

| twnox | Write Enable High to Input Transition |_| 
| tex | Chip Enable High to Input Transition |_ 0 
| twnox | Write Enable High to Output Transition | 0 _| 
| tmoz" | Write Enable Low to Output Hi-Z |__| 
tess _ tes alee Chip rate 0 


=i a /o.]/u 
i=) o};}oO;]o 


Chip Enable Low to Chip Enable High | 7 


t Chip Enable High to Address 
EHAX | Transition 
Input Valid to Write Enable High 
Input Valid to Chip Enable High 


Note: 1. Ci = 5pF 


—_, —k _k 
oO |Oo on 


Figure 5. Write Enable Controlled, Write AC Waveforms 
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Figure 6. Chip Enable Controlled, Write AC Waveforms 


DQO-DQ3 
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ORDERING INFORMATION 


Example: M624017 -10 E 1 


Temperature Range 


-10 10 ns PS PSDIP24 1 Oto70°C 
-12 12 ns E PSOJ24 

45 15ns 300 mils 

-20 20 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M628008 


VERY FAST CMOS 8K x 8 SRAM WITH OUTPUT ENABLE 


=» 8K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


=» EQUAL CYCLE AND ACCESS TIMES: 
10, 12, 15, 20ns 


» TRI-STATE COMMON I/O 


» JEDEC PLASTIC SOJ and DIP, 300 mils PACK- 
AGES 


DESCRIPTION 


The M628008 is a 64K (65,536 bit) Fast CMOS 
SRAM, organized as 8,192 words by 8 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
OV + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


ei ohpenetios 
pee | Chipenable@ 
[S| Output Enable 
Wo | White Enable 
[Veo 
Mes 


Supply Voltage 


May 1992 


— 


28 1 
1 


PSDIP28 (PS) PSOJ28 (E) 


300 mils 


Figure 1. Logic Diagram 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 


28 
2d 
26 
Z5 
24 
25 


22 


M628008 : M628008 04 


21 

20 
1S 
ie: 
be? 
16 
(be. 


VA00960 


20 
19 
18 
Va 
16 
15 


VA00961 


Warning: NC = No Connection. Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


Notes: 1. Up to amaximum operating Vcc of 5.5V only. 
2 One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Hi-Z Active 


Data Output 


x Vi 


Note. X = Vin or Vit 
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READ MODE 


The M628008 is in the Read mode whenever Write 
Enable (W) is High, with Output Enable (G) Low, 
with both Chip Enables (E1 and E2) asserted. This 
provides access to data from eight of the 65,536 
locations in the static memory array, specified by 
the 13 address inputs. Valid data will be available 
at the eight output pins within tavav after the last 
stable address, providing G is Low and Chip En- 
ables are valid. If Chip Enable or Output Enable 
access times are not met, data access will be 
measured from the limiting parameter (teiLav, 
te2Hav or teLav) rather than the address. Data out 
may be indeterminate at te1Lax, te2Hax and taLax, 
but datalines will always be valid at tavav. 


WRITE MODE 


The M628008 is in the Write mode whenever the 
W and E1 pins are Low with E2 High. Chip Enables 
E1, E2 or W must be deasserted during Access 
transitions for subsequent write cycles. Write be- 
gins with the concurrence of the two Chip Enables 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tavwe and taveiL, tave2H respectively, and is 
determined by the latter occurring edge. The Write 
cycle can be terminated by the earlier rising edge 
of E71 or W or the falling edge of E2. 


If the Output is enabled (Ei Low, E2 High and G 
Low), then W will return the outputs to high imped- 
ance within twiaz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper- 
ation. Data input must be valid for tovwH before the 
rising edge of Write Enable, or for tove1H before the 
rising edge of E1 or for toveeaL before the falling 
edge of E2, whichever occurs first, and remain valid 
for twHDx, tE1HDx Or te2LDx. 


Table 4. Capacitance ") (Ta = 25 °C, f= 1 MHz) 


Symbol Parameter 
Input Capacitance 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 


M628008 


OPERATIONAL MODE 


The M628008 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E1 
High or E2 Low). An Output Enable (G) pin provides 
a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
I/O data bus. Operational modes are determined 
by device control inputs W and E1, E2, as summaz- 
rized the Operating Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
Ci =SOpF or Spr 


Cy includes JIG capacitance 
VA00829 


omson —————____________ 8 


ky SES Om ON 


587 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Symbol Test Condition | Min | Max 
Input Leakage Current OV < Vin < Veo ae ee eae 
Output Leakage Current ovsVoursVec | || 


Voo=5.5V(-158-20) | | 120, «| mA _ 
(2) | Supply Current (Standby) Voc = 5.5V, E1 = Vin or E2 = Vi, 
Supply Current (Standby) Voc = 5.5V, E1 > Voc — 0.3V or #6 or 
CMOS E2<0.3V,f=0 
0.4 


_ 

[va [inpattowvorage it SSCSC*C | 
[Wr [npt High Votage i SSSCS~wSCte | ee 
Tver Oupettow tage ‘| awe S*dSSidCte 
Dee | 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2.2V 
3. All other Inputs at Vir < 0.2V or Vin 2 Vcc — 0.2V 


lon = —4mA 


Table 6. Read Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


™ 


( 


M628008 


1) 
1) 
(1) 
1) 
2) | Chip Enable 1 Low to Output 
2) | Chip Enable 2 High to Output 
) . 
2) 
2) 
2) 
) 


Chip Enable 1 High to Output Hi-Z 
Chip Enable 2 Low to Output Hi-Z 
Output Enable High to Output Hi-Z 


t (1 Address Transition to Output 
Des Transition 


Notes: 1. C_ = 30pF 
2. CL = SpF 


( 
( 
( 
2 Output Enable Low to Output 
( 
( 
( 


=k 
© 
=a jou fa 


—_—k 
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Figure 4. Read Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M628008 
Parameter 


Address Valid to Chip Enable 1 High 
Address Valid to Chip Enable 2 Low 


Write Enable Pulse Width 


Chip Enable 2 High to Chip Enable 2 
Low 


Write Enable High to Address 
Transition 


Write Enable High to Input Transition 


Chip Enable 1 High to Address 
Transition 


Chip Enable 2 Low to Address 
Transition 


(1) | Write Enable High to Output 


t 
win Transition 


tw.az"") | Write Enable Low to Output Hi-Z 


TAVEIL Address Valid to Chip Enable 1 Low 
taVE2H Address Valid to Chip Enable 2 High 
tDVWH 


tDVE1H 


toVeaL Input Valid to Chip Enable 2 Low 


Note: 1. C. = 5pF 
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Figure 5. Write Enable Controlled, Write AC Waveforms 
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Figure 6. Chip Enable Controlled, Write AC Waveforms 
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ORDERING INFORMATION 


Example: M628008 -10 E 1 


Temperature Range 


-10 10 ns PS  PSDIP28 1 Oto70°C 
-12 12 ns E PSOJ28 

45 15ns 300 mils 

-20 20 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ky, S&S THOMSON M621256 


VERY FAST CMOS 256K x 1 SRAM WITH SEPARATE I/O 


m 256K x 1 CMOS FAST SRAM 
=» EQUAL CYCLE AND ACCESS TIMES: 


12, 15, 20ns 
= LOW Vcc DATA RETENTION: 2V 
m SEPARATE DATA INPUT AND DATA OUTPUT 24 

PINS 

24 1 

=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 

AGES 

PSDIP24 (PS) PSOJ24 (E) 
300 mils 

DESCRIPTION 


The M621256 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 262,144 words by 1 bit. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


Figure 1. Logic Diagram 


Table 1. Signal Names 


Po att 
Ca asoup 
co 
Pe | svete 
(Ds [eon 


m 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 


M621256 M621256 


1 1 
9 2 
3 e) 
4 A. 
5 a) 
6 6 
yi vi 
8 a) 


VA00948 VA00949 


Table 2. Absolute Maximum Ratings 


Notes: 1. Up to a maximum operating Vcc of 5 5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Deselect 


Note: X = Vin or Vit 
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READ MODE 
The M621256 is in the Read mode whenever Write 


Enable (W) is High, with Chip Enable (E) asserted 
Low. This provides access to data from one of the 
262,144 locations in the static memory array, spec- 
ified by the 18 address inputs. Valid data will be 
available at the Q output pin within tavav after the 
last stable address providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (teLav) 
rather than the address. Data out may be indeter- 
minate at teLox, but data lines will always be valid 
at tavav. 


WRITE MODE 


The M621256 is in the Write mode whenever the 
W and E pins are Low. Either the Chip Enable input 
(E) or the Write Enable input (W) must be de-as- 
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tavwi and tavec respectively, 
and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


If the Output is enabled (E Low and W High), then 
W will return the output to high impedance within 
twLaz Of its falling edge. Data input must be valid 
for tovwu before the rising edge of Write Enable, or 
for toveH before the rising edge of E whichever 
occurs first, and remain valid for twHpx or tEHDx. 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


symbol 
Input Capacitance 


M621256 


OPERATIONAL MODE 


The M621256 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High). 
Operational modes are determined by device con- 
trol inputs W and E as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
C, =SOpF or Spr 


C, includes JIG capacitance 
VA00829 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 


| 


MICROELECTRONICS 


Y SCS-THOMSON ———__{____ 28 


595 


M621256 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


ie Input Leakage Current 


Test Condition 


OV <Vin< Vec 


Output Low Voltage lo. = 8mA 


Output High Voltage loo = -4mA 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2.2V 
3. All other Inputs at Vic < 0.2V or Vin = Vcc — 0.2V 


: | VV Veo 
Veo = 5.5V (-12) 140 
loo ™ Supply Current 
Voo=ssv2o) | | 20 | mA __ 
InputLow Voltage = | CdS w|| 


~ 
aS 


Table 6. Read and Standby Modes AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


rin | tx [win [ woe 
Se 
Tinev' [raddoss Vat oupavas =i ||] mp 
aor [tip ents tovivouravass | | @ | ps | | a | vw 
aor [otis eno ov inva Tanion | | [3s] fs] |r 
iene [ornentictignoouacze | © [7 [o]elo|w] mw 
wax” [ates tarsontoOvputansion [3s | |e | [3 [| [wm 
TP [einenetororoverp po | || [o[ [m= 
[m9 [ctinenatie wrovercom | [we] |w| [x [wm 


Notes: 1. C_ = 30pF 
2. CL = 5pF 
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Figure 4. Read Mode AC Waveforms 
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Figure 5. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M621256 
Symbol Parameter 


co 
[wie [aes vo Wie Eatio tow [0 
w|i We Ena eh [8 
wes | es vito Cp Ente ign | 8 
wane [witecavePuse win 8 
[wie ave igh ts Tsien [0 
[wx [Wie ate ighio pt anion [0 
rs 

Po 

Po 

™ 

ion 

= 


Input Valid to Chip Enable High 


Note: 1. C. = 5pF 


Figure 6. Write Enable Controlled, Write AC Waveforms 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 
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Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


Symbol Test Condition 


| Min | 
E> Voo-0.3V, f=0 
E2Voc-o3v.t=0 | o | | ns | 
| ta® | Operation RecoveyTime ss || Cid] | ots 


Note: 1. All other Inputs Vin 2 Vcc — 0.3V or Vit $ 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VA00802 
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57 sre ——_______® 
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ORDERING INFORMATION 


Example: M621256 -12 E 1 


Temperature Range 


-12 12ns PS PSDIP24 1 Oto 70°C 
-15 15ns E PSOJ24 
20 20 ns 300 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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kyz_ S&S THOMSON 624064 


VERY FAST CMOS 64K x 4 SRAM 


m 64K x 4 CMOS FAST SRAM 


m EQUAL CYCLE AND ACCESS TIMES: 
12, 15, 20ns 


# LOW Vcc DATA RETENTION: 2V 


= TRI-STATE COMMON I/O P > 
= JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 


24 
AGES ; | 
PSDIP24 (PS) PSOJ24 (E) 
300 mils 
DESCRIPTION Figure 1. Logic Diagram 


The M624064 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
SV + 10% supply, and all inputs and outputs are 
TTL compatible. 


KL» DQ0-DaQ3 


M624064 
Table 1. Signal Names 
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Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 
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4 ] 
9 Z 
2 5 
4 4 
5 ©. 
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Table 2. Absolute Maximum Ratings 


E 
Output Current 
Power Dissipation 


Note: 1. Upto amaximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Note: X = Vin or Vit 
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READ MODE 


The M624064 is in the Read mode whenever Write 
Enable (W) is high, with Chip Enable (E) asserted 
low. This provides access to data from four of the 
262,144 locations in the static memory array, spec- 
ified by the 16 address inputs. Valid data will be 
available at the four output pins within tavav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (teLav) 
rather than the address. Data out may be indeter- 
minate at teLax, but datalines will always be valid 
at tavav. 


WRITE MODE 


The M624064 is in the Write mode whenever the 
W and E pins are Low. Either the Chip Enable input 
(E) or the Write Enable input (W) must be de-as- 
serted during Address transitions for subsequent 
write cycles. Write begins with the concurrence of 
Chip Enable being active with W Low. Therefore, 
address setup time is referenced to Write Enable 
and Chip Enable as tavwi and taveL respectively, 
and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


If the Output is enabled (E1 Low), then W will return 
the outputs to high impedance within twiaz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data input must 
be valid for tovwH before the rising edge of Write 
Enable, or for toveH before the rising edge of E 
whichever occurs first, and remain valid for twHpx 
Or tEHDx. 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Notes: 1. Sampled, not 100% tested 
2. Outputs deselected 


M624064 


OPERATIONAL MODE 


The M624064 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High). 
Operational modes are determined by device con- 
trol inputs W and E as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
CL=S0pF or Spr 


Cy includes JIG capacitance 
VA00829 


3/8 
Kyy BiSotonanes 


603 


M624064 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


symeor [Parameter [Test Condon | win [ae [unt 
Tu | pttastago Cure avsvnsves Pa 
Te | oupattcaage curens [ove Verses | | as | a 
[ec aarssa [|e [on 
i 


ee RRR EE Ce 
Tea [oupattow tage inom 
[vox [oupat ich vonage [even if ae 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Voc — 0.2V 


-|- 


<= 


<= 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


2 [se 
Cini [ox [wn [ woe [ wn [woe 
Sa 
we [ravenwsewomawe [Pe [fw | Pa Po 
aor" [crip erabiotowieoupanvard | |e [| 

[| chin nal towin OuputTanstin [8 [| 8 | 
oes [owenerinwovornz | 0 [7 | 0 |e 
[on [Ares Tarion pout ersten] 8 | [8 | 
ww [oinenctowrowerup fo | fo | 
re 


Notes: 1. C. = 30pF . 
2. Ci = SpF 
3 Measured to 50% point between Icc and Icc1. 


Symbol Parameter 


4/8 
a ky SG“ THOMSON 


M624064 


Figure 4. Read Mode AC Waveforms 
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Figure 5. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M624064 
Symbol Parameter | ta | 


w 


w 


0 
, a 
i Ewes! 
[ti | Wite Enable Pulse Wieth |_| 
|_twnax | Write Enable High to Address Transition | 0_| 
| twiox | Write Enable High to mput Transition | 0_| 
| tevix | Chip Enable High to Input Transition |_| 
i a 

eee 

, ion | 8 | 

Ee 


S 
w 


(1) 
Write Enable Low to Output Hi-Z 
Address Valid to Chip Enable Low 
Chip Enable Low to Chip Enable High 


wn 


w 


Write Enable High to Output Transition 


Chip Enable High to Address Transition 
Input Valid to Write Enable High 7 
Input Valid to Chip Enable High 


Note: 1. C.=5pF 


10 ns 


= =a joa ju —_ 
oO oOj;O } Oo or 
— — =a fo | a no 
=) ao PO | M | PO (om) 
= 
Oo 


Figure 6. Write Enable Controlled, Write AC Waveforms 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


tEHDX 


DQO0—DQ3 DATA INPUT 
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Table 8. Low Vcc Data Retention Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


[Step Curent Oa Ratonon) | VorcSVESVeo-oavizo | | 200 | wa 
eon" [nip disse to Powerdowm | EaVeooav.teo [0 || ws 


Notes: 1. All other Inputs Vin 2 Vcc — 0.3V or Vii < 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 
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ORDERING INFORMATION 


Example: M624064—- 
| Speed | Package Temperature Range 
12 ns PSDIP24 1 Oto 70°C 
-15 15 ns E PSOJ24 
20 20 ns 300 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MICROELECTRONICS 


M624065 


VERY FAST CMOS 64K x 4 SRAM WITH OUTPUT ENABLE 


m 64K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


=» EQUAL CYCLE AND ACCESS TIMES: 
12, 15, 20ns 


m» LOW Vcc DATA RETENTION: 2V 
a TRI-STATE COMMON I/O 


=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M624065 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 65,536 words by 4 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


i 


May 1992 


— 


28 1 
| 


PSDIP28 (PS) PSOJ28 (E) 


300 mils 


Figure 1. Logic Diagram 


KFS DQO-DQ3 


M624065 


VA00918 
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M624065 


Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 


28 
2f 
26 
Zo 
24 
Zo 


M624065 ~~ M624065 


21 21 
20 20 
19 19 
18 18 
17 17 
16 16 
15 pW 15 
VA00919 VA00920 


Table 2. Absolute Maximum Ratings 


Note: 1. Upto amaximum operating Vcc of 5.5V only. 
2. One output at atime, not to exceed 1 second duration. 


Table 3. Operating Modes 


DQ0-DQ3 


Deselect Standby 


Note: X = Vin or Vit 
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READ MODE 


The M624065 is in the Read mode whenever Write 
Enable (W) is High, with Output Enable (G) Low, 
with Chip Enable (E) asserted Low. This provides 
access to data from four of the 262,144 locations 
in the static memory array, specified by the 16 
address inputs. Valid data will be available at the 
four output pins within tavav after the last stable 
address, providing G is Low, and E is Low. If Chip 
Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
parameter (teLav or taLav) rather than the address. 
Data out may be indeterminate at teLax and taLax, 
but datalines will always be valid at tavav. 


WRITE MODE 


The M624065 is in the Write mode whenever the 
W and E pins are Low. Chip Enable E or W must 
be de-asserted during Address transitions for sub- 
sequent write cycles. The Write begins with the 
concurrence of Chip Enable and W being asserted 
low. Therefore, address setup time is referenced to 
Write Enable and Chip Enable as tavwi and taver 
respectively and is determined to the latter concur- 
rence edge. The Write cycle can be terminated by 
the earlier rising edge of E or W. If the Output is 
Enabled (E Low, G Low), then W will return the 
outputs to high impedance within twiaz of its falling 
edge. Care must be taken to avoid bus contention 
in this type of operation. Data input must be valid 
for tovwu before the rising edge of Write Enable, or 
for toveH before the rising edge of E whichever 
occurs first, and remain valid for twHpx 0 teHDx. 


OPERATIONAL MODE 


The M624065 has a Chip Enable power down 
feature which invokes an automatic standby mode 


M624065 


whenever Chip Enable is de-asserted (E High). An 
Output Enable (G) pin provides a high speed tri- 
state control, allowing fast read/write cycles to be 
achieved with the common-l/O data bus. Opera- 
tional modes are determined by device control 
inputs W and E as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
CL=30pF or 5pF 


C, includes JIG capacitance 
VA00829 


Table 4. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


Test Condition 
Input Capacitance 


Vout = OV 


| Cour | Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Outputs deselected 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


[Parameter [Test Gondton [in 
Ts [tpt teahage Cure | ove vnzveo 
[te [ouputiestagecuret [ov vaursveo | 
[vere | 

ee ee 

om 

eee 

ees 


leo, 2) supply Current (Standby) Vcc = 5.5V, E = Vin, f=0 
lea ©) Supply Current (Standby) 
oe CMOS f 


f ow | Input Low Voltage 
| Input High Voltage 


1 
5 
0 
0 
0 
5 


Voc + 0.3 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vic < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vi. < 0.2V or Vin 2 Vcc — 0.2V 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


“ T 


Address Valid to Output Valid 


‘ 
oi, 
oi 


eed 

Lo 
tex [Output nati Hghio Ouputtiz [0 
Address Transition to Output Transition ra 
ww [crpenaietoromerun | 0 
[v0 | criptratotwroveroom «dS 


Notes: 1. C. = 30pF . 
2. CL = SpF 
3. Measured to 50% point between Icc and Icc1. 


—_ 
—_ ‘ od, —_, 
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Figure 4. Read Mode AC Waveforms 


tAVQV 
tELQV 


tELQX ) 


tGLQV 


DQO0-DQ3 (‘DATA QUT.) OUT 


VA00921 


Figure 5. Standby Mode AC Waveforms 


VA00799 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M624065 
pom] me ae 
min | Max | min | Max | min | Max | 


| twa | WrieCyletime tt || ts || co | ns 
| tan | Address Valid ioWriteenableLow | 0 | | o | | o | | ns | 
| tw | Address Valid to Write EnableHign | 9 || 10 ns 


Address Valid to Chip Enable High | 9 | | 40 12 
Write Enable Pulse Width ze 12 


| twnax | Write Enable High to Address Transition | 0 _| 
| twrox | Write Enable High to Input Transition | 0 _ 
Terex | Chip Enable righ to input Transition | 0] 
| twiox | Write Enable High to Output Transition | 0 _| 
(1) ia 

za 

9 | 


Oo 

| termx | Chip Enable High to Address Transition | 0 | | o | | o | | ns _| 
tow | Input Validto Write EnableHigh | 7 | | 8 | | to | as 
| toven | Input Validto ChipEnableHion | 7 | | 8 || to Tons 


Note: 1. C. = 5pF 


Write Enable Low to Output Hi-Z 


=) 


=) =) =) =) a} a) 
wn 163) n wn wn io) 169) 


Figure 6. Write Enable Controlled, Write AC Waveforms 


tDVWH 


DQ0=DQ3 DATA INPUT 


VA00916 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


DQO0-—DQ3 


VA00917 


Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


a a ae 
i civietenniae Geeks Pee ta 
, 2) E> Voc — 0.3V, f=0 | 

) 
oe 


R 
Chip Disable to Power Down c—0.3V, f= 


Notes: 1. All other Inputs Viq = Vcc — 0.3V or Vi. < 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VA00802 
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ORDERING INFORMATION 


Example: M624065 -12 E 
| Speed | Package Temperature Range 
12 ns PSDIP28 1 0 to 70°C 
-15 15 ns E PSOJ28 
20 90 ns 300 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M628032 


VERY FAST CMOS 32K x 8 SRAM WITH OUTPUT ENABLE 


= 32K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


=» EQUAL CYCLE AND ACCESS TIMES: 
12, 15, 20ns 


= LOW Vcc DATA RETENTION: 2V 
» TRI-STATE COMMON I/O 


w JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


DESCRIPTION 


The M628032 is a 256K (262,144 bit) Fast CMOS 
SRAM, organized as 32,768 words by 8 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
OV + 10% supply, and all inputs and outputs are 
TTL compatible. 


Table 1. Signal Names 


May 1992 


— 


28 1 
1 


PSDIP28 (PS) PSOU28 (E) 


300 mils 


Figure 1. Logic Diagram 


M628032 


VA00922 
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Figure 2A. SDIP Pin Connections 


28 
a], 
26 
295 
24 
25 


M628052 ae 


21 

20 
19 
18 
17 
16 
iS: 


Figure 2B. SOJ Pin Connections 


Zo 
26 
Zo 
24 
235 
Ze 
M628052,,. 
20 
19 
18 
ie 
16 
15 


VA00923 VA00924 


Table 2. Absolute Maximum Ratings 


Notes: 1. Up to a maximum operating Vcc of 5.5V only 
2. One output at atime, not to exceed 1 second duration. 


Table 3. Operating Modes 
[= | w | 6 | vo0vor | Power 


Note: X = Vin or Vit 
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READ MODE 
The M628032 is in the Read mode whenever Write 


Enable (W) is High, with Output Enable G is Low, 
with Chip Enable (E) asserted. This provides ac- 
cess to data from nine of the 262,144 locations in 
the static memory array, specified by the 15 ad- 
dress inputs. Valid data will be available at the eight 
output pins within tavav after the last stable_ad- 
dress, providing G is Low, and Chip Enable E is 
valid. If Chip Enable or Output Enable access times 
are not met, data access will be measured from the 
limiting parameter (teLav or tetav) rather than the 
address. Data out may be indeterminate at teLax 
and tatax, but datalines will always be valid at 
TAVQV. 


WRITE MODE 


The M628082 is in the Write mode whenever the 
W and E pins are Low. Chip Enable input E or the 
Write Enable input (W) must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins with_the concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tavw_ and tave respectively, and is determined 
by the latter occurring edge. The Write cycle can 
be terminated by the earlier rising edge of E or W. 


If the Output is enabled (E Low and G Low), then 
W will return the outputs to high impedance within 
twLaqz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tpvwu before the rising edge 
of Write Enable, or for toven before the rising edge 
of E, whichever occurs first, and remain valid for 
tWHDxX OF tEHDx. 


OPERATIONAL MODE 


The M628032 has a Chip Enable power down 
feature which invokes an automatic standby mode 


Table 4. Capacitance ™ (Ta = 25 °C, f = 1 MHz) 


Symbol 
Input Capacitance 


Output Capacitance 


M628032 


whenever Chip Enable is de-asserted (E High). An 
Output Enable (G) pin provides a high speed tri- 
state control, allowing fast read/write cycles to be 
achieved with the common-|/O data bus. Opera- 
tional modes are determined by device control 
inputs W and E as summarized the Operating 
Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
CL =SOpF or SpF 


Cy includes JIG capacitance 
VA00829 


Test Condition 


Notes: 1. Sampled, not 100% tested 
2. Outputs deselected 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V t 10%) 


Ic 


ae 
Ts [nprtsaage curent [ov sven | 
[te ouputeatag cure | ove Vvewrsveg | 
PT vereseuivy 

oC eal ae 


Voc = 5.5V 


ee Current (Standby) WecZS eV EaNiG 
| Supply Current (Standby) Voc = 5.5V, E 2 Voc — 0.2V, 
ack CMOS f=0 


lu 
ILo 
0 |) 
(2) 
(3) 
Vi La at pms anes, 
VoL 
OH 


Lv Input High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vic < 0.8V or Vin > 2.2V 
3. All other Inputs at Vic < 0.2V or Vin = Vcc — 0.2V 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Voc = 5V + 10%) 


M628032 


: 
sf fet [sl [ww 
2) 
1) 


Notes: 1. CL = 30pF 
2. CL = SpF 
3. Measured to 50% point between Icc and Icc1. 
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Figure 4. Read Mode AC Waveforms 


tELQV 


tELQX md 


tGLQV 


DQ0—-DQ7 
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Figure 5. Standby Mode AC Waveforms 


VA00799 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M628032 
Symbol Parameter 


=k 
NO 


Write Enable Low to Output Hi-Z 


(1) 


oo 


tw.az 


tet 


Note: 1. C. =5pF 


—_ 


Figure 6. Write Enable Controlled, Write AC Waveforms 


DQ0-—DQ7/ DATA INPUT 


VA00926 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


tEHDX 


DQO0—DQ7 DATA INPUT 
tDVEH ——— 


VA00927 


Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


Supply Current (Data Retention) Voc = 8V, E> Voc — 0.3V, f = 0 rd 
Supply Voltage (Data Retention) E> Vcc—0.3V,f=0 


Chip Disable to Power Down E> Vcc —0.3V, f=0 


Notes: 1 All other Inputs Vin 2 Vcc — 0.3V or Vis 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VA00802 
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ORDERING INFORMATION 


Example: M628032 -12 E 1 


Temperature Range 


-12 12 ns PS PSDIP28 1 Oto70°C 
~15 15ns E PSOJ28 
20 20 ns 300 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ky S&S THOMSON M629032 


VERY FAST CMOS 32K x 9 SRAM WITH OUTPUT ENABLE 


= 32K x 9 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


» EQUAL CYCLE AND ACCESS TIMES: 
12, 15, 20ns 


=» TRI-STATE COMMON I/O 
=» JEDEC PLASTIC SOJ and DIP, 300 mil PACK- 
AGES 


PSDIP32 (PS) PSOJ32 (E) 
300 mils 


DESCRIPTION 


The M629032 is a 288K (294,912 bit) Fastcmos _—«“Figure 1. Logic Diagram 
SRAM, organized as 32,768 words by 9 bits. It is 
fabricated using SGS-THOMSON’s Advanced, low 
power, high performance, CMOS technology. The 
device features fully static operation requiring no 
external clocks or timing strobes, with equal ad- 
dress access and cycle times. It requires a single 
5V + 10% supply, and all inputs and outputs are 
TTL compatible. 


KT» DQO-DA8 


Table 1. Signal Names M629032 


fi otenabes 
p62 | Chipnabiee 
Mes 


VAO0O0965 


Supply Voltage 


May 1992 1/9 


625 


M629032 


Figure 2A. SDIP Pin Connections Figure 2B. SOJ Pin Connections 


1 

2 
5 
4 
e 
6 
7 
8 


CON OOF WN 


2 
M629032 


2 
M629032 


CO 
= O 
© 


— 
— 


OOK WN - © 
—_ —_ —_ — — 
Oo oR WN 


VA00966 VA00967 


Warning: NC = No Connection. Warning: NC = No Connection. 


Table 2. Absolute Maximum Ratings 


rT 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2 One output at a time, not to exceed 1 second duration. 


Table 3. ach Modes 


| Mode | pa0-Das 


Standby 
Standby 


Note: X = Vin or Vit 
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READ MODE 


The M629032 is in the Read mode whenever Write 
Enable (W) is High, with Output Enable (G) Low, 
with both Chip Enables (E1 and E2) asserted. This 
provides access to data from nine of the 294,912 
locations in the static memory array, specified by 
the 15 address inputs. Valid data will be available 
at the nine Q output pins within tavav after the last 
stable address, providing G is Low and Chip En- 
ables are valid. If Chip Enable or Output Enable 
access times are not met, data access will be 
measured from the limiting parameter (teiLav, 
te2Hav or taLav) rather than the address. Data out 
may be indeterminate at te1Lax, te2Hax and teLax, 
but datalines will always be valid at tavav. 


WRITE MODE 


The M629032 is in the Write mode whenever the 
W and E1 pins are Low with E2 High. Chip Enables 
E1, E2 or W must be deasserted during address 
transitions for subsequent write cycles. Write be- 
gins with the concurrence of the two Chip Enables 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tavwi and taveiL, tave2H respectively, and is 
determined by the latter occurring edge. The Write 
cycle can be terminated by the earlier rising edge 
of E1 or W or the falling edge of E2. 


If the Output is enabled (E1 Low, E2 High and G 
Low), then W will return the outputs to high imped- 
ance within twiaz of its falling edge. Care must be 
taken to avoid bus contention in this type of oper- 
ation. Data input must be valid for tovwu before the 
rising edge of Write Enable, or for tove1H before the 
rising edge of E1 or for toveeL before the falling 
edge of E2, whichever occurs first, and remain valid 
for twHpx, te1HDx or te2Lpx. 


Table 4. Capacitance ") (Ta = 25 °C, f = 1 MHz) 


symbol 
Input Capacitance 


M629032 


OPERATIONAL MODE 


The M629032 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E1 
High or E2 Low). An Output Enable (G) pin provides 
a high speed tri-state control, allowing fast 
read/write cycles to be achieved with the common 
I/O data bus. Operational modes are determined 
by device control inputs W and E1, E2, as summa- 
rized the Operating Mode table. 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TES 
CL =S0pF or SpF 


Cy includes JIG capacitance 
VA00829 


Test Condition 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 


OMSON <3: — —_ 


ky 56S THOMSON 


627 


M629032 


Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Test Condition 
Input Leakage Current 


Voc = 5.5V, (-12) 
Supply Current Voc = S.5V, (-15) 


Unit 
: 
ko 
| mA 


Voc = 5.5V, (-20) 


mA 
(2) | Supply Current (Standby) Voc = 5.5V, E1 = Vin or E2 = Vin, a5 
TTL f=0 
(3) | Supply Current (Standby) Voc = 5.5V, E1 => Voc — 0.2V or ai 
CMOS E2<0.2V,f=0 


Input High Voltage 
Output Low Voltage 


Output High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vit < 0.2V or Vin 2 Vcc — 0.2V 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


a ee 
fom | mn 
Min | Mex | min | 


(oo) 


=) 
on 


—) 
n 


” 


Output Enable High to Output Hi-Z 
Address Transition to Output Transition 


toy Chip Enable 1 Low or Chip Enable 2 High to 

PY Power Up 

top 2) Chip Enable 1 High or Chip Enable 2 Low to 
ee Power Down 


Notes: 1. Ci = 30pF 
2. CL = SpF 
3. Measured to 50% point between Icc and Icc1. 


N _ —_— —_ _ NO ine) ine) 
oO oO;O};}o OoO;O;O];]O 
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Figure 4. Read Mode AC Waveforms 


VALID 


tAVQV 
tE1LQV tE1HQZ 


is 


tE2HQV tE2LQZ 


tE2HQX 
tGLQV 


tGLQXx 


DQ0—DQ8 


VAO00968 


Figure 5. Standby Mode AC Waveforms 


VA00806 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Voc = 5V + 10%) 


Symbol Parameter 


Write Cycle Time 

Address Valid to Write Enable Low 
Address Valid to Write Enable High 
Address Valid to Chip Enable 1 High 
Address Valid to Chip Enable 2 Low 
Write Enable Pulse Width 

Chip Enable 1 Low to Chip Enable 1 High 
Chip Enable 2 High to Chip Enable 2 Low 
Write Enable High to Address Transition 
Write Enable High to Input Transition 
Chip Enable 1 High to Address Transition 
Chip Enable 2 Low to Address Transition 
Write Enable High to Output Transition 
Write Enable Low to Output Hi-Z 
Address Valid to Chip Enable 1 Low 
Address Valid to Chip Enable 2 High 
Input Valid to Write Enable High 

Input Valid to Chip Enable 1 High 

Input Valid to Chip Enable 2 Low 


Note: 1. CL. =5pF 


1 
ai 
RO 


NO 
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— | | =a S#sfj ow Jf ow fw fo J] oa 
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Figure 6. Write Enable Controlled, Write AC Waveforms 


tWHQX 
tWHDX 
DQO-DQ8 DATA INPUT 
tD VWH 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


tAVE1H 
tAVE1L tETHAX 


CETLE A 


tAVE2L 
tAVE2H tE2LAX 


tE2HE2L 


tE1HDX 
tE2LDX 


tDVE1H 
tDVE2L 
VA00970 
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Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


eee 
meee | [Do 


Notes: 1. All other Inputs Vin 2 Vcc — 0.3V or Vit < 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VAQ0809 
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ORDERING INFORMATION 


Example: M629032 -12 E 1 


Temperature Range 


-12 12ns PS  PSDIP32 1 Oto 70°C 
-15 20 ns E PSOJ32 
20 95 ns 300 mils 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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kyz_ S&S. THOMSON M621100 


VERY FAST CMOS 1 Megabit (1M x 1) SRAM 


= 1 Megabit CMOS FAST SRAM 


=» EQUAL CYCLE AND ACCESS TIMES: 
15,17, 20, 25ns 


= LOW Vcc DATA RETENTION: 2V 
= SEPARATE DATA INPUT AND OUTPUT 
= JEDEC PLASTIC SOJ, 400 mil PACKAGE 


PSOJ28 (E) 
400 mils 


DESCRIPTION 


The M621100 is a 1 Megabit Fast CMOS SRAM, 
organized as 1,048,576 by 1 bit. It is fabricated 
using SGS-THOMSON’s Advanced, low power, 
high performance, CMOS technology. The device 
features fully static operation requiring no external 
clocks or timing strobes, with equal address access 
and cycle times. It requires a single 5V + 10% 
supply, and all inputs and outputs are TTL compat- 
ible. 


Figure 1. Logic Diagram 


Table 1. Signal Names 


re | banca 
Cw | Wie srate 
vee | si vege 
[ef eone 


VA00796 
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Table 2. Absolute Maximum Ratings 


6 [ouput 
[rowerDeshaion Pt 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


20 
1 
Table 3. Operating Modes 
Data Output | __ Active 
Deselect Standby 


Note: X = Vin or Vit 


Figure 2. SOJ Pin Connections READ MODE 


The M621100 is in the Read mode whenever Write 
Enable (W) is High and Chip Enable (E) is asserted. 
This provides access to data from one of the 
1,048,576 locations in the static memory array, 
specified by the 20 address inputs. Valid data will 
be available at the output pin (Q) within tavav after 
the last stable address, providing E is Low. If Chip 
Enable access time is not met, data access will be 
measured from the limiting parameter (teLav) 
rather than the address. Data out may be indeter- 
minate at teLax, but data lines will always be valid 
at tavav. 


WRITE MODE 


The M621100 is in the Write mode whenever the 
W and E pins are Low. Either the Chip Enable input 
(E) or the write input W must be de-asserted during 
Address transitions for subsequent write cycles. 
Write begins with the concurrence of Chip Enable 
being active with W Low. Therefore, address setup 
time is referenced to Write Enable and Chip Enable 
as tavwi and tavec respectively, and is determined 
by the latter occurring edge. The Write cycle can 
be terminated by the earlier rising edge of E or W. 


If the Output is enabled (E Low), then W will return 
the output to high impedance within twiaz of its 
falling edge. Data input must be valid for tovwH 


VA00797 


Warning: NC = No Connection. 
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WRITE MODE (cont'd) 


before the rising edge of Write Enable, or for toveH 
before the rising edge of E whichever occurs first, 
and remain valid for twHpx or teHDx. 


OPERATIONAL MODE 


The M621100 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever either Chip Enable is de-asserted (E 
High). Operational modes are determined by de- 
vice control inputs W, and E as summarized the 
Operating Mode table. 


Table 4. Capacitance " (Ta = 25 °C, f= 1 MHz) 


Symbol 
Input Capacitance 
(2) 


M621100 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
C, =SOpF or SpF 


Cy includes JIG capacitance 
VA00829 


Test Condition 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Output deselected 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Input Leakage Current OV < Vins Voc 
Output Leakage Current OV < Vout s Voc 
Voc = 5.5V, (-15 & -17) 
(1) 
loc Supply Current Veeu 5 5V0) 
Voc = 5.5V, (-25) 
= f=0 
E —0.2V, f=0 


a 
a a 
Vou 


2) ( ) 
L ’ 
loo | Supply Current (Standby) |) veg = 5.5V, E = Voo- 0.2V, f = 


2 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin = 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Voc = 5V + 10%) 


M621100 


a) = NM Nh 
o1 Oo o1 o1 


(1) Address Transition to Output 

: 
(3) Chip Enable High to Power 

Notes: 1. C. = 30pF 


2. CL = SpF 
3. Measured to 50% point between Icc and Icci. 
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Figure 4. Read Mode AC Waveforms 
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Figure 5. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc = 5V + 10%) 


M621100 


ol, 
a1 
' 
ai, 
: 


S 


els 
co) 
els 

Ol 
ala 


ns 


Write Enable Pulse Width 


t Write Enable High to Address 
WHAX | Transition 


t Chip Enable High to Address 
BRS Transition 
Input Valid to Write Enable High 
Input Valid to Chip Enable High 


Note: 1. C_. = 5pF 


—. 
Oo 


oa |/ou fu — 

© oO }|nMm {Ph on 

wary —4 a fou joa sae 
jo) tN hm FM 7PM N 


Figure 6. Write Enable Controlled, Write AC Waveforms 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


tEHDX = 
| DATA INPUT ¢ 


tDVEH 


VA00801 


Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


symbol Test Condition 
(1) . _ Veco = 8V, 
Supply Current (Data Retention) E> Voc -0.3V,f=0 


Vor (1) 


Note: 1. All other Inputs Vin = Vcc — 0.3V or Vit < 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


E> ere — 0.3V 


VA00802 
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ORDERING INFORMATION 


Example: M621100 -15 E 1 


Temperature Range 


-15 15 ns E PSOJ28 1 Oto 70°C 
47 17 ns 400 mils 

-20 20 ns 

-25 25 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M624256 


VERY FAST CMOS 1 Megabit (256K x 4) SRAM 
WITH OUTPUT ENABLE 


m 256K x 4 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


=» EQUAL CYCLE AND ACCESS TIMES: 
15, 17, 20, 25ns 


=» LOW Vcc DATA RETENTION: 2V 
» TRI-STATE COMMON I/O 
m™ JEDEC PLASTIC SOJ, 400 mil PACKAGE 


DESCRIPTION 


The M624256 is a 1 Megabit (1,048,567 bit) Fast 
CMOS SRAM, organized as 262,144 words by 4 
bits. It is fabricated using SGS-THOMSON’s Ad- 
vanced, low power, high performance, CMOS tech- 
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
asingle 5V + 10% supply, and all inputs and outputs 
are TTL compatible. 


Table 1. Signal Names 


DQO - DQ3 Data Inputs / Outputs 
E | chipenabie 


ii 


May 1992 


PSOJ28 (E) 
400 mils 


Figure 1. Logic Diagram 


KT DQO-DQ3 


M624256 


VAQ0810 
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Table 2. Absolute Maximum Ratings 


en 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 
x Standby 


Note: X = Vin or Vit. 


READ MODE 
The M624256 is in the Read mode whenever Write 


Enable (W) is High with Output Enable (G) Low, 
and Chip Enable (E) asserted. This provides ac- 
cess to data from four of the 1,048,576 locations in 


78 the static memory array, specified by the 18 ad- 


Figure 2. SOJ Pin Connections 


| dress inputs. Valid data will be available at the four 
2 2/ output pins within tavav after the last stable ad- 
3 26 dress, providing G is Low and E is Low. If Chip 
4 95 Enable or Output Enable access times are not met, 
data access will be measured from the limiting 
2 24 parameter (teLav or taLav) rather than the address. 
6 25 Data out may be indeterminate at teLax and teLax, 
7 OD) but data lines will always be valid at tavav. 
M624256 
Ss) 2 
20 WRITE MODE 
19 The M624256 is in the Write mode whenever the 
18 W and E pins are Low. Either the Chip Enable input 
17 (E) or the Write Enable input (W) must be de-as- 
serted during Address transitions for subsequent 
16 write cycles. Write begins with the concurrence of 
15 Chip Enable being active with W Low. Therefore, 
VAOOBI1 address setup time is referenced to Write Enable 


and Chip Enable as tavwi and tave respectively, 
and is determined by the latter occurring edge. The 
Write cycle can be terminated by the earlier rising 
edge of E or W. 


Warning: NC = No Connection. 
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WRITE MODE (cont'd) 


If the Output is enabled (E Low and G Low), then 
W will return the outputs to high impedance within 
twLaz of its falling edge. Care must be taken to 
avoid bus contention in this type of operation. Data 
input must be valid for tpvwu before the rising edge 
of Write Enable, or for toveH before the rising edge 
of E whichever occurs first, and remain valid for 
tWHDX Or tEHDx. 


OPERATIONAL MODE 


The M624256 has a Chip Enable power down 
feature which invokes an automatic standby mode 
whenever Chip Enable is de-asserted (E High). An 
Output Enable (G) signal provides a high speed 
tri-state control, allowing fast read/write cycles to 
be achieved with the common I/O data bus. Oper- 
ational modes are determined by device control 
inputs W and E as summarized the Operating 
Mode table. 


Table 4. Capacitance ™) (Ta = 25 °C, f = 1 MHz) 


symbol 
Input Capacitance 


AC MEASUREMENT CONDITIONS 


Input Rise and Fall Times < 1.5ns 
Input Pulse Voltages 0 to 3V 
Input and Output Timing Ref. Voltages 1.5V 


Note that Output Hi-Z is defined as the point where data 
is no longer driven. 


Figure 3. AC Testing Load Circuit 


DEVICE 
UNDER 


TEST 
CL=SO0pF or SpF 


Cy includes JIG capacitance 
VA00829 


Test Condition 


Output Capacitance 


Notes: 1. Sampled, not 100% tested 
2. Except DQ0-DQ3 
3 Outputs deselected 


THOMSON ———__-_38 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vit < 0.2V or Vin = Vcc — 0.2V 


Table 6. Read and Standby Modes AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


™ 


Fev” [adios vaidtoOoputvais | 
Peer’ [chip Enable tow we Ouputvaia | 
Peso" [ouput rable tow w Ovput vaio | 
cu 
To 
ai 


(1) 

1) . 

(1) 

2) : 

Transition 

(2) 

(2) 

1) 


a 
= 
| 


NO aad ine) no 
© fo) oO © 
ine) —_ —b — Nm N 
ol oO oO (-) o (6) 

n n i¢ 9) 


Feu [chip erbietowiePowerup [0 
Tro [chp Enatie ght Poner down | 


Notes: 1. C. = 30pF 
2 C_=5pF 
3 Measured to 50% point between Icc and Icc1. 
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Figure 4. Read Mode AC Waveforms 


VALID 
tAVQV 
tELQV 


tELQX —* 


tGLQV 


DQO0-—DQ3 


VA00812 


Figure 5. Standby Mode AC Waveforms 


VA00799 


5/8 
ky7 3&8 THOMSON ee re 


M624256 


Table 7. Write Mode AC Characteristics (Ta =0 to 70°C, Vcc =5V+ arc ttthn—H 


Symbol Parameter en A 7 


| wav _|wrtecyctetime =f th | ft | feof fas | ns 


| tw | Address Valid towrteEnableLow | o | | o | | o | | o | | as | 

| tanm [Address Valid to Write EnableHigh | 12 | | 2 | | 12 || 6 | ns 

(fo eeaemctesher@etay 2 fae 
Ee ce ae 


| twos —_| Write Enable | Write Enable Pulse Width Width 


t Write Enable High to Address 
wee Transition 
Write Enable High to Input 
Pe fase TTP ToT PT Pe 
Chip Enable High to Input 
t Write Enable High to Output 
wHax | Transition 


er ee 10 one 
ee ae el a 


geese [o[ |e aceon 
t Chip Enable High to Address 
em eee eee 


Input Valid to Write Enable Input Valid to Write Enable High tet tet oe 
eee tr ree oe 


Note: 1. C._=5pF 
Figure 6. Write Enable Controlled, Write AC Waveforms 


tWHQX 


tWHDX 


DQ0—DQ3 DATA INPUT 


tDVWH 


VA00813 
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Figure 7. Chip Enable Controlled, Write AC Waveforms 


DQ0—-DQ3 


VA00814 


[smect | Poomair [| _Tetconction | in 
ee eo eee 
een [crip ose oPowerDew | Eavoo-oauteo | 0 
ee 


Notes: 1. All other Inputs Vin 2 Vcc — 0.3V or Vit $ 0.3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


E> Vcc — 0.34V 


VAQ0802 
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ORDERING INFORMATION 


Example: M624256 -15 E 1 


Temperature Range 


-15 15 ns E PSOJ28 1 Oto 70°C 
47 17ns 400 mils 

-20 20 ns 

-25 25 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M628128 


VERY FAST CMOS 1 Megabit (128K x 8) SRAM 
WITH OUTPUT ENABLE 


m 128K x 8 CMOS FAST SRAM WITH OUTPUT 
ENABLE 


=m EQUAL CYCLE AND ACCESS TIMES: 
15, 17, 20, 25ns 


=» LOW Vcc DATA RETENTION: 2V 
= TRI-STATE COMMON I/O 
» JEDEC PLASTIC SOJ, 400 mil PACKAGE 


DESCRIPTION 


The M628128 is a 1 Megabit (1,048,576 bit) Fast 
CMOS SRAM, organized as 131,072 words by 8 
bits. It is fabricated using SGS-THOMSON’s Ad- 
vanced, low power, high performance, CMOS tech- 
nology. The device features fully static operation 
requiring no external clocks or timing strobes, with 
equal address access and cycle times. It requires 
a single 5V + 10% supply, and all inputs and outputs 
are TTL compatible. 


Table 1. Signal Names 


ee 
a 
[a 
vee | Say votage 


Vss Ground 


May 1992 


PSOJ32 (EB) 
400 mils 


Figure 1. Logic Diagram 


M628128 


VAD0803 
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Table 2. Absolute Maximum Ratings 


a 


Notes: 1. Up to a maximum operating Vcc of 5.5V only. 
2. One output at a time, not to exceed 1 second duration. 


Table 3. Operating Modes 


Tpavoer [Power 


Note: X = Vin or Vit 


READ MODE 


~ The M628128 is in the Read mode whenever Write 
Enable (W) is High with Output Enable (G) Low, 
and both Chip Enables (E1 and E2) are asserted. 
This provides access to data from eight of the 
1,048,576 locations in the static memory array, 
specified by the 17 address inputs. Valid data will 
be available at the eight output pins within tavav 
after the last stable address, providing G is Low, E1 
is Low and E2 is High. If Chip Enable or Output 
Enable access times are not met, data access will 
be measured from the limiting parameter (te1:Lav, 
2 te2Hav, Or taLqv) rather than the address. Data out 
M628128 may be indeterminate at te1Lax, te2gHax and teLax, 
but data lines will always be valid at tavav. 


WRITE MODE 


The M628128 is in the Write mode whenever the 
W and E1 pins are Low, with E2 High. Either the 
Chip Enable inputs (E1 and E2) or the Write Enable 
input (W) must be de-asserted during Address 
transitions for subsequent write cycles. Write be- 
gins with the concurrence of both Chip Enables 
being active with W low. Therefore, address setup 
VA00804 time is referenced to Write Enable and both Chip 
Enables as tavwi, taveiL and taveen respectively, 
and is determined by the latter occurring edge. 


Figure 2. SOJ Pin Connections 


OO. Sb OF On Ge N= 


Warning: NC = No Connection. 
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WRITE MODE (contd) AC MEASUREMENT CONDITIONS 
The Write cycle can be terminated by the earlier Input Rise and Fall Times < 1.5ns 


rising edge of E1, W, or the falling edge of E2. Input Pulse Voltages 0 to 3V 


If the Output is enabled (E1 Low, E2 High and G Input and Output Timing Ref. Voltages  1.5V 

Low), then W will return the outputs to high imped- 

ance within twLaz of its falling edge. Care must be Note that Output Hi-Z is defined as the point where data 
taken to avoid bus contention in this type of oper- is no longer driven. 

ation. Data input must be valid for tovwH before the 

rising edge of Write Enable, or for tove1H before the 

rising edge of E1 or for tpvee. before the falling Figure 3. AC Testing Load Circuit 

edge of E2, whichever occurs first, and remain valid 
for twHbx, tE1HDXx Or tE2LDx. 


OPERATIONAL MODE 


The M628128 has a Chip Enable power down 
feature which invokes an automatic standby mode BEIGE 
whenever either Chip Enable is de-asserted (E71 UNDER 

High or E2 Low). An Output Enable (G) signal eer 

provides a high speed tri-state control, allowing fast 

read/write cycles to be achieved with the common CL=SOpF or Spr 
I/O data bus. Operational modes are determined 
by device control inputs W, E1, and E2 as summa- 
rized the Operating Mode table. 


Cy includes JIG capacitance 
VA00829 


Table 4. Capacitance ™ (Ta = 25 °C, f= 1 MHz) 


Notes: 1. Sampled, not 100% tested 
2. Outputs deselected 
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Table 5. DC Characteristics (Ta = 0 to 70 °C, Vcc = 5V + 10%) 


Test Condition 
Voc = 5.5V, (-15 & -17) 


Supply Current Voc = 5.5V, (-20) 
Vcc = 5.5V, (-25) 


Voc = 5.5V, E1 =V 
Supply Current (Standby) TTL sare cee Vi fe ae 


Supply Current (Standby) Voc = 5.5V, Et > Voc — 0.3V 
CMOS or E2<0.3V,f=0 


Input Low Voltage 
Input High Voltage 
Output Low Voltage 
Output High Voltage 


Notes: 1. Average AC current, Outputs open, cycling at tavav minimum 
2. All other Inputs at Vit < 0.8V or Vin 2 2.2V 
3. All other Inputs at Vit < 0.3V or Vin = Vec — 0.3V 


Table 6. Read and Standby Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M628128 
Symbol Parameter 


! 
amd, 
“NI 


Output Enable Low to Output Valid 
t (2) |Chip Enable 1 Low to Output 
EiLQX Transition 
t Chip Enable 2 High to Output 
F2HQX | Transition 
t (2) |Output Enable Low to Output 
CRON Transition 


Chip Enable 1 High to Output Hi-Z 
Chip Enable 2 Low to Output Hi-Z 
Output Enable High to Output Hi-Z 


t (1) |Address Transition to Output 
aren Transition 
ter, (2) Chip Enable 1 Low or Chip Enable 2 
ia High to Power Up 
top (9) Chip Enable 1 High or Chip Enable 2 
oe Low to Power Down 
Notes: 1. C. = 30pF 


2. CL = 5pF 
3 Measured to 50% point between Icc and lcc:. 


—s 
—_— —s — 1 
hk 
— sk — —_—h mk — 
e O}/° “SIN ININ 
no 
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Figure 4. Read Mode AC Waveforms 


a tAVAV a 
AD-AT6 
eae tAVOV tAXOX 


tE1LQV te AGZ 


ae 


tEZHQV tEZLOZ 


tE2HQX 
tGLQV 


tGLQX 


DQO0—DQ7 


VA00805 


Figure 5. Standby Mode AC Waveforms 
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Table 7. Write Mode AC Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 


M6281 28 
Symbol Parameter 15 


Write Cycle Time 
Address Valid to Write Enable Low 
Address Valid to Write Enable High 


er 
Oo 


—a fox | oa — | — a ke. Pe Pe NO 
rp 7] M |[ M oa] o or; oo] or yo on 


Bil 
fil 
_ 
ine) 
3 
7) 


Write Enable Pulse Width 


— | — fj — | — — 
CO y;yM | M {PP on 


para (oe Se (ee = |uou oa fo fw fa —. 
OoO};}o | o NO | Mh | PM [DM | PM N 


a fo Pm eee ee Cae (ae Ca ce ee eee ye) 
Nh | PM nm | NM }M | MH | P oO 


| twwox _|Whte Enable Hight InputTranstion | 0 
| tux" | Wte Enable High fo Output Transition | 0 
[toe |Write Enable Lowto Output iz || 
[wenn | Address Valid to Chip Enable 1Low | 0_| 

! 10 


=) Da S =] =) 
wn ae) n ep) wn 


hae 

|_twvean_| Address Valid to Chip Enable 2 High | 0 
10 
Chip Enable 2 High to Chip Enable 2 Low 
tex | Chip Enable + High to Address Transition | 0 
ean [hip enatie aLow to Address Tans | 0 
omm [input valdto wie Enabie igh | 
ete 

ee 


3 
ie) 


Input Valid to Chip Enable 1 High 
Input Valid to Chip Enable 2 Low 


Note: 1. Ci. =5pF 


— 
NO 
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Figure 6. Write Enable Controlled, Write AC Waveforms 


tAVE1L 


tAVE2H 


tWHQxX 
tWHDX 


DQO0-—DQ7 DATA INPUT 


tDVWH 


VA00B07 


Figure 7. Chip Enable Controlled, Write AC Waveforms 


tAVE1H 
tAVE1L tE1HAX 


tETLEVH 


tAVE2L 
tAVE2H tE2LAX 


= oe 


tDVE1H 
tDVE2L 


tE1HDX 
tE2LDX 


VA00808 
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Table 8. Low Vcc Data Retention Characteristics (Ta = 0 to 70°C, Vcc = 5V + 10%) 
symbol Test Condition af ee) Ba 


= Supply Voltage (Data Retention) E1 > Voc — 0.3V, E2 < 0.3V, f=0 eae see 
Chip Disable to Power Down E1 2 Vcc — 0.3V, E2 < 0.3V, f= Go. | ones | 


Notes: 1. All other Inputs Vin = Vcc — 0.3V or Vi < 0 3V 
2. See Figure 8 for measurement points. Guaranteed but not tested 


Figure 8. Low Vcc Data Retention AC Waveforms 


DATA RETENTION MODE 


VA00809 
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ORDERING INFORMATION 


-15 
-17 
-20 
-25 


Example: 


15 ns 
17 ns 
20 ns 
25 ns 


M628128 = -15 


E PSOUJ32 
400 mils 


E 1 


Temperature Range 


1 Oto70°C 


M628128 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 


this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CACHE MEMORIES 


661 


fy, SGS-THOMSON 
YM, MicROELECTROMIES MK41S80 


VERY FAST CMOS 4K x 4 CACHE TAGRAM 


u 4K x 4 FAST HOMOS CACHE TAGRAM 
=» ADDRESS TO COMPARE ACCESS TIMES: 


10,12,15,20,25ns 
=» FLASH CLEAR FUNCTION 24 
a 22-PIN 300 MIL PLASTIC DIP 


22 1 


24-PIN 300 MIL SOJ 


=» APPLICATIONS: HIGH SPEED 32-BIT 
CACHE SUB-SYSTEMS PSDIP22  (N) PSOJ24 (X) 


300 mils 


DESCRIPTION Figure 1. Pin Connections 


The MK41S80 is a 16,384-bit CMOS Static 
TAGRAM™, organized as 4K x 4 using SGS- 
THOMSON Microelectronics’ advanced fast 
HCMOS process technology. This device is func- 
tionally compatible with the industry standard 
MK41H80 4K x 4 TAGRAM. All inputs and outputs 
are TTL compatible using a single 5V supply. 


The MK41S80 provides full static operation, re- 
quiring no external clocks or refresh operations, 
and features a MATCH output for indicating either 
a cache hit or miss condition. The on-board 4-bit 
comparator compares RAM contents with current 
input (tag) data. The result is an active high level 
on the MATCH pin for a hit, or an active low on the 
MATCH pin indicating a miss. The MK41S80 offers 
a totem-pole MATCH output design. 


The MK41S80 incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. AFlash 
Clear sets all 16,384 bits in the RAM to logic zero. 


MK41S80 


oOmOn aa4r WA NY - 


Pin Names 


oe fowutene 
Ne |[NetGomnesed 
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1 

2 
3 
4 
5 
6 
7 
8 
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= 
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Figure 2. MK41S80 Block Diagram 


ROW ROW MEMORY 
ADDRESS DECODER ARRAY 
BUFFER 128 ROWS 


CLEAR 
BUFFER 


WRITE WRITE CTRL 


32 x 4 COL 


ENABLE ie _ 
BUFFER DATA INPUT COLUMN 
BUFFER COMPARATOR 
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DECODE 
COL. ADDR. 
OUTPUT DATA OUTPUT 4 BUFFER 
ENABLE BUFFER 
BUFFER 


VRO0010651 


TAGRAM FUNCTION MK41S80 TRUTH TABLE 
The MK41S80 is an SRAM based Cache Tag direc- 
tory (hence the name TAGRAM). Figure 7 shows a 
general block diagram using a cache tag directory 
(TAGRAM) in a cache subsystem application. The 
system must detect whether the requested data 
resides in the cache data RAM, or if extended read 
cycles to main memory are necessary. 


The MK41S80 features four modes of operation: 
Write, Read, Compare, and Clear. The MK41S80 
incorporates an on-board 4 bit comparator that 
compares internal RAM contents with current (tag) 
input data. If the device is in the compare mode, 
and the comparator detects a “match”, then the 
MATCH pin will go high for a hit condition. If a 
match is not detected by the comparator, then the 
MATCH pin drives low to denote a “miss” condition. 
Standard write/read operations are performed with 
Write (WE) and Output (OE) Enable inputs. Addi- 
tionally, the device provides a Flash Clear oper- 
ation via the CLR pin (Figure 6). When a low level 
(ViL) is applied to the CLR input pin for the speci- 
fied tcLp time, all RAM bits are set to a logic zero. 


Compare data (internal RAM) can be read from the 
data pins by bringing Output Enable (OE) low. This 
will allow data stored in the memory array to be 
displayed at the Outputs (DQO - DQ3). 
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ABSOLUTE MAXIMUM RATINGS 


emit [Peanowr [tate 
a 


Notes : 


1. This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliare-liability 


2. Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 


AC TEST CONDITIONS 


rant re 
Fc 


Note: 1. AC input levels for the CLR pin are GND to 3.5 V. 


Figure 3. Equivalent Output Load Circuits 


+50 V +50 V 


470 ohms 470 ohms 
D.U.T D.U.T ‘ 
240 ohms 30 pF* 240 ohms 5 pF * 
GND GND 
(A) (B.) 


* INCLUDES SCOPE AND TEST JIG * INCLUDES SCOPE AND TEST JIG 
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COMPARE, WRITE, AND READ TIMING 


The MK41S80 TAGRAM begins a Compare Cycle 
with the application of a valid address (see Figure 
4). Avalid compare is enabled when OE and WE 
go high in conjunction with their respective set-up 
and hold times. MATCH will occur taca after a valid 
address, and tpca after valid Data In (Tag). If the 
address and tag data are presented simulta- 
neously, the compare-to-match access is taca. 
MATCH will go invalid tacH after an address 
change, or tpcH after the tag data changes. 


A Write Cycle starts with stable addresses (Figures 
4 and 5), with the WE input active low. OE may be 
in either logic state. WE may fall with stable ad- 
dresses, and must remain low until taw with a 
duration of twew. Data in must be valid tps before 
and toby after WE goes high. DQ will go high-Z at 
twez from WE going active low. MATCH will be 
invalid during this cycle. 


The device begins a Read Cycle with stable ad- 
dresses and WE high (Figure 5). DQ becomes 
valid taa after a valid address, and toga after the 
fallof OE. The DQ outputs become invalid tou after 
addresses become invalid, and become high-Z at 
toez when OE goes high. Ripple through data 
access may be accomplished by holding OE active 
low while strobing address AO-A11, and holding 


Figure 4. Compare and Write Cycle 


COMPARE CYCLE 
tC 


CLR and WE high. The MATCH output will be 
invalid during this cycle. 


FLASH CLEAR CYCLE 


The MK41S80 incorporates a Flash Clear Cycle 
which begins as CLR is brought active low. A Flash 
Clear sets all 16,384 bits in the RAM to logic zero. 
Control inputs will not be recognized from tcx after 
CLR goes low, until tcr after CLR is brought high. 
The OE and WE inputs are Don’t Care, and DQ is 
High-Z. MATCH will be invalid during a Flash Clear 
Cycle. 


APPLICATION 


The MK41S80 operates from a single 5.0 volt 
supply. It is compatible with all standard TTL 
families on all inputs and outputs. The device 
should share a solid ground plane with any other 
devices interfaced with it, particularly TTL devices. 
Also, because the outputs can drive rail-to-rail into 
high impedance loads, the device can interface to 
5 volt CMOS on its inputs and outputs. 


The MK41S80 compares contents of addressed 
RAM locations to the current tag data inputs. A 
logic one “1" output on the MATCH pin indicates 
that the input data and the RAM contents match. 
Conversely, a logic zero "0" on the MATCH pin 


WRITE CYCLE 
tC 


ADDRESS VALID ADDRESS VALID 


NADL T LIED 


tAW tAH 
tWEW 


TAG DATAVALID Co eae DATA IN VALID 


tDCA 
tACA 


tACH 
hoch 


VALID IN COMPARE 


“ AVOID METASTABLE INPUTS 
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Figure 5. Write and Read Cycle 


WRITE CYCLE READ CYCLE 
tC tC 


ADDRESS VALID ADDRESS VALID 


tRCS 


tWEW aaah —— 


tWEL 
tDS 
tAA 


INVALID 


AVOID METASTABLE INPUTS VROOIO55 


Figure 6. Read-Flash Clear-Write Cycle 


READ CYCLE CLEAR CYCLE WRITE CYCLE 
tc tFCC iC 


(nooress vain Vatio XYNXX] ADDRESS VALE) 
r tCxX 


tCR 


tAW 
tCX 
tEW 


VLL// 


Y DATA IN 


MATCH INVALID 


* AVOID METASTABLE INPUTS VRO01086 


ka SGS-THOMSON o/9 
s/h MICROELECTRONICS a 2 
667 


MK41S80 


indicates at least one bit of difference between the 
RAM contents and input data. 


Metastable inputs can result in excessive MATCH 
output activity. Therefore, the use of pull-up or 
pull-down resistors is recommended on the data 
bus. Additionally, a pull-up resistor is suggested for 
the CLR input to enhance system operation. This 
will ensure that any low going system_ noise 
coupled onto the input does not drive CLR below 
Vi minimum specifications. 


Because high frequency current transients will be 
associated with the operation of the MK41S80, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding, or separate power planes 
can be employed to reduce line inductance. Addi- 
tionally, any low impedance transmission lines are 
subject to signal reflections manifested as noise, 
undershoots and excessive ringing. Series termina- 
tion is suggested in close proximity to the drivers 
to improve driver/signal path impedance matching. 


Figure 7. General Cache Subsystem Block Diagram 


TAGRAM 


PROCESSOR 


ie ce a ieee. 5 
CONTROL, |~——$=1_{ 
5 


MAIN 
MEMORY 


ES aa 
ar 


oe Ky S&S-THOMSON 


® MICROELECTRONICS 


668 


MK41S80 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION 
(O°C < Tas +70°C; Voc = 5V + 5%) 
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toca | Output Enable (OE) Access Time 
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RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta < +70°C) 


Supply Voltage 


Logic 1 All Inputs ; 
Logic 0 All Inputs = 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Tas +70°C; Voc = 5V + 5%) 


Average Vcc Power Supply Current (Both Ports) 
Input Leakage Current (Any Input) 


Output Leakage Current 


= Output Logic 71 Voltage (lon = -4.0mA) 


Output Logic 0 Voltage (lo. = 8mA) 


CAPACITANCE 
(Ta = 25°C, f = 1.0 MHz) 


Input Capacitance on all pins (except DQ) a 


=< Output Capacitance 


Notes : 4. Measured with load as shown in Figure 3B. 
1. Allvoltages referenced to GND. 5. cc: measured with outputs open, Vcc max, f = min cycle. 
2. Measured with GND < V < Vcc. Outputs are deselected with the 
exception to MATCH which is always enabled. 6. Output buffer ts deselected 
3 Measured with load as shown in Figure 3A. 7. Capacitances are sampled and not 100% tested. 
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ORDERING INFORMATION 


Example: MK41S80 X 10 /20 


ee 


N PSDIP22 10 10ns /20 Tape & Reel 
X PSOJ24 12 12ns 
300 mils 
15 15ns 
20 20ns 
25 25ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 8K x 8 CACHE TAGRAM 


= 8K x 8 CMOS SRAM WITH ONBOARD 
COMPARATOR 


=" ADDRESS TO COMPARE ACCESS TIME: 
20, 25, 35ns 


a» FAST CHIP SELECT COMPARE ACCESS 10ns 
=» MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF 12ns Max 
# STATIC OPERATION - NO CLOCKS OR TIMING 28 
STROBES REQUIRED 


=» ALL INPUTS AND OUTPUTS ARE FULLY TTL 
COMPATIBLE PSDIP28 (N) PSOJ28 (X) 


300 mils 
# FULL CMOS FOR LOW POWER OPERATION 
=» OPEN DRAIN MATCH OUTPUT 
= 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 


TRUTH TABLE Figure 1. Pin Connection 


WTS] [FS] wove [0a [atch 
PPE THe [wes om | tow 
CSC 
ELE [wie [Om [inate 


Note: MATCH is High-Z during an invalid state 


Onrvyr aot WN - 


PIN NAMES 


AO -A12 Address Inputs 
DQO - DQ7 Data Inputs / Outputs 
MATCH Comparator Output 


2 
MK 48874“, 


VAQO0625 


Vcc, GND 5 Volts, Ground 
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DESCRIPTION 

The MK48S74 is a 65, 536 fast static cache 
TAGRAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON’s low power, high perform- 
ance HCMOS4 technology. The MK48S74 features 
fully static operation requiring no external clocks or 
timing strobes, and equal access and cycle times. 
The device requires a single 5V + 5 % supply and 
is fully TTL compatible. The MK48S74 has a fast 
Chip Select control for high speed oper-ation to the 
Match Compare valid, and device se-lect/deselect oper- 
ations. Additionally, the MK48S74 provides a Reset 
Clear, and MATCH compare pin. The Reset Clear 
input provides an asynchronous RAM clear control 
which clears all internal RAM bits to zero in only two 
cycles. The MATCH output features an open drain 
for wired-OR operations. During a MATCH compare 
cycle, an on-board 8-bit comparator compares the 
Data Inputs (8-bit TAG ) at the specified address 
index (A0-A12) to the internal RAM data. If a miss 
condition exists, where at least one bit of TAG data 
does not match the internal RAM, then the MATCH 
output issues a LOW miss signal. 


OPERATIONS 


READ MODE 
The MK48S74 is in the read mode whenever Write 


Enable (W) is HIGH with Output Enable (G) LOW 
and Chip Select (S) is active. This provides access 
to data from eight of 65, 536 locations in the static 
memory array. The unique address specified by the 
13 address inputs defines which one of the 8192- 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tavav after 
the last stable address, providing G is LOW and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLav or tarav rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G and W control signals. Data 
out may be inderterminate at tsLax and tatax but 
data lines will always be valid at tavav. 


READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C < Tas +70°C; Voc = 5V +t 5%) 


Parameter 


2 


tcsL | Chip Select to Output Low-Z 


Output Enable to Low-Z 
tsHaz | tcsz | Chip Select to High-Z 
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Figure 2. Read Timing No. 1 (Address Access) 


ADDRESS ( 


tAVQV 


tAXQX 


PREVIOUS DATA. MOCO mA. VAUD 


VROO1023 


Note: Chip Select and Output Enable one presumed valid, W = Vin 


Figure 3. Read Timing No. 2 (W = Vin) 
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tSLQV tSHOZ 
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WRITE MODE 

The MK48S74 is the Write mode whenever the W 
and S pins are LOW. Chip Select or W must be 
inactive during address transitions. The Write 
begins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tavw. and tavs. and is determined to the latter 
occurring edge. The Write cycle can be terminated 


by the earlier rising edge of S or W. If the outputs 
are enabled (S = LOW, G=LOW), then Wwill return 
the outputs to high impedance within twLaz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid for tovwu to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHpx after the rising edge of Sor 
W. 


WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


(0°C < Ta < +70°C; Voc = 5V + 5%) 


Symbol 
Parameter 
STD | ALT 


tavav 


tAVWL 


Address Set-up to Write Enable Low 
Address Set-up to Chip Select 


tAVSL 


t 
t 


tAavWH 


twiwH | tw 


Cc 
AS 
AS 

Ww 
EW 
H 
R 
Ww 
DH 


tWHAX 


Address Hold Time After End of 
Write 


tcsw | Chip Select to End of Write 


Write Recovery Time To Chip Select 


tsLSH 


tsHax | t 


Ww 
' 
t 

A 
ta 

Ww 

: 


t 


tovWH 


twHpx | t 


Data Hold Time 


twHax | twer | Write High to Output Low-Z (Active) 


twiaz | twez | Write Enable to Output High-Z 


Write Cycle Time 20 


Address Valid to End of Write 


Write Pulse Width 


Data Valid to End of Write 


aE SES 
EsRaee 
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Figure 4. Writing Timing No.1 (Write Control) 


ADDRESS 


| 


tSHAX 
tWHAX 


W tAVWL ree 
tGLOX 
| DATA IN VALID if. 


VIO) 


VROI1925 


Figure 5. Writing Timing No. 2 (Chip Select Control) 
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COMPARE MODE 

THe MK48S74 is in the Compare mode whevenver 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (A0-A1 2) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-DQ7) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = High-Z). When at 
least one bit is not equal, the MATCH will go LOW 
signifying a miss condition. The MATCH output will 
be valid tavuv from stable address, or trvmv from 
valid Tag Data when S is LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
ts-mv from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, 


G = LOW or HIGH), MATCH will be valid twHmv or 
taHmv from the latter rising edge of W or G respec- 
tively. 


RESET MODE 

The MK48S74 allows an asynchronous reset clear 
whevever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65, 536 bits) to a logic zero as long as 
tRSL-RSH is satisfied. The MATCH output will go 
HIGH-Z trst-mH from the falling edge of RS and all 
inputs will not be recongnized until tasH-av from the 
rising edge of reset (RS). 


COMPARE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(O°C < Ta $ +70°C; Voc = 5V + 5%) 


Symbol 


Parameter 


fay G High to MATCH Valid 


tuxax | tuna | MATCH Hold From Address 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C < Tas +70°C; Voc = 5V + 5%) 


Symbol 
Parameter 
eterna 


Cie [we [Rmeewoere Je] a] =] [=t— 
Reset Clear (RS) to Inputs Don’t Care Po f fof fof fas} | 
fre [oo [RSemomvs ST Ls | [st Te [ 
ee [Ro me [fet fet [=| 
remseurcnnez | [st [sl fete l 


Figure 6. Match Compare Timing 
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MA 
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APPLICATION 

The MK48S74 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaces with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below Vin minimum speci- 
fications. This will enhance proper device oper- 
ation, and avoid possible partial flash clear cycles. 
Additionally because the outputs can drive rail-to- 
rail into high impedance loads, the MK48S74 can 
also interface to 5V CMOS on all inputs and out- 
puts. The MK48S74 provides the system designer 
with 64K fast static memory, a MATCH output, and 
a BYTEWIDE on-board comparator — all in one 
chip. The MK48S74 compares contents of ad- 
dressed RAM locations to the current data inputs. 
A High-Z output on the MATCH Pin indicates that 
the input data and the RAM data match. Conver- 
sely, a logic zero “O" on the MATCH pin indicates 
at least one bit of difference between the RAM 
contents and the input TAG, generating in a miss. 
The MATCH output is constructed with an open 
drain arrangement. The open drain provides easy 
wired-OR implementation when generating a com- 
posite MATCH signal. In a cache subsystem, the 


Figure 7. Reset Timing 


COMPARE 


MATCH signal provides the processor or CPU with 
the necessary information concerning wait state 
conditions. The purpose of a cache subsystem is 
to maintain a duplicate copy of portions of the main 
memory. When a valid match occurs, the system 
processor uses data from the fast cache memory, 
and avoids longer cycles to the main memory. 
Therefore, implementing cache subsystems with 
the MK48S74, and providing good hit or match ratio 
designs will enhance overall system performance. 
Because high frequency current transients will be 
associated with the operation of the MK48S74, 
power line inductance must be minimized on the 
circuit board power distribution network. Power and 
ground trace gridding or seprarate power planes 
can be employed to reduce line inductance. 
Though often times not thought of as such, the 
traces of a memory board are basically untermi- 
nated, low impedance trasmission lines. As such 
they are subject to signal reflections manifested as 
noise, undershoots and excessive ringing. Series 
termination in close proximity to the TTL drivers can 
improve driver/signal path impedance matching. 
While experimentaiton most often proves to be the 
only practical approach to selection of series resis- 
tors, values in the range of 10 to 33 ohms often 
prove most suitable. 


RESET CLEAR 


ADDRESS 


Ro RRA 


tRSL-AX 


tRSH-AV 
tRSL-RSH 


tRSH-AV 


VLLLILLLS LLL 


WILLLSLLLLLS LSS 


tRSL-MH 


Cuaron vaio XT 
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ABSOLUTE MAXIMUM RATINGS 


a 
[—w[tirsrrnnseieoane [eee Pv 
i 


Note: This Is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification 1s not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 


ee 
i 
eo [owe Te 
a 
[me [esseoanewas | es |e] 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta < +70°C, Vcc = 5V + 5%) 


[-simiot [orem [ts [Unt | 
te _[aamvertoversimvcoron | wf mm | 
[—kPrwtotenecinon tft fm 
a 
BM ae 


Logic 0 } Logic 0 Output Voltage (lour=8 mA) —_ | Voltage ( } Logic 0 Output Voltage (lour=8 mA) —_ | = 8 mA) 


Match Output LOgic 0 Voltage 
(lout = 18 mA) 


Notes : 
1. Measured with load shown in Figure 8A. 6 Input leakage current specifications are valid for all Vin such 
2 Measured with load in Figure 8B. that OV < Vin < Voc. Measured at Vcc = Vcc (max) 

7. Output leakage current specifications are valid for all Vout such 
3 Measured with load in Figure 8C that OV < Vout < Vcc, S = Vin and Vec In valid operating range 
4. All Voltages referenced to GND. 8. Sampled, not 100% tested, outputs deselected. 
5. lcci iS measured as the average AC current with Vcc = Vcc 


(max) and with the outputs open circuits. tavav = tavav (min) duty 
cycle 100%. 
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CAPACITANCE (Ta = 25°C, f = 1.0 MHz 


) 
ai delat ae ee a 
ae ee ee ee 
ee eee, 


AC TEST CONDITIONS 


ee 


Ambient Temperature 0 to 70 


Figure 8. Equivalent Output Load Circuits 
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ORDERING INFORMATION 


Example: MK48S74 X 20 /20 


ee 


N PSDIP28 20 20ns /20 Tape & Reel 
xX PSOJ28 25 25ns 
300mils 
35 35ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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VERY FAST CMOS 8K x 8 CACHE TAGRAM 


= 8K x 8 CMOS SRAM WITH ON BOARD 
COMPARATOR 


=» ADDRESS TO COMPARE ACCESS TIME: 
15, 17, 20, 25ns 


=» FAST CHIP SELECT COMPARE ACCESS : 8ns 


=» MATCH OUTPUT WITH FAST TAG DATA TO 
COMPARE ACCESS OF: 12, 15ns Max 


=# STATIC OPERATION-NO CLOCKS OR TIMING 
STROBES REQUIRED 


= FULL CMOS FOR LOW POWER OPERATION. 
= TOTEM-POLE MATCH OUTPUT Pebib2s:(N) ee 
= THREE-STATE OUTPUTS 

= 28 PIN 300 MIL DIP & 28 PIN 300 MIL SOJ 

= HIGH SPEED ASYNCHRONOUS RAM CLEAR 


— 


| 


TRUTH TABLE 


Figure 1. Pin Connection 
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DESCRIPTION 

The MK48S80 is a 65,536 fast static cache 
TAGRAM™ organized as 8K x 8 bits. It is fabricated 
using SGS-THOMSON’s low power, high perform- 
ance HCMOS4 technology. The MK48S80 fea- 
tures fully static operation requiring no external 
clocks or timing strobes. The device requires a single 
5V supply and is fully TLLcompatible. The MK48S80 
has a fast Chip Select control for high speed oper- 
ation to the Match Compare valid, and device 
select/deselect operations. Additionally, the 
MK48S80 provides a Reset Clear, and MATCH 
compare pin. The Reset Clear input provides an 
asynchronous RAM clear control which clears all 
internal RAM bits to zero. The MATCH output is in 
a totem-pole configuration to minimize swtiching 
delays associated with open-drain devices. During 
a MATCH compare cycle, an on-board 8-bit com- 
parator compares the Data Inputs (8-bit TAG) atthe 
specified address index (A0-A12) to the internal 
RAM data. Ifa miss condition exists, where at least 
one bit of TAG data does not match the internal 
RAM, then the MATCH output issues a LOW miss 
signal. 


OPERATIONS 


READ MODE 
The MK48S80 is in the read mode whenever Write 


Enable (W) is HIGH with Output Enable (G) LOW, 
and Chip Select (S) is active. This provides access 
to data from eight of 65,536 locations in the static 
memory array. The unique address specified by the 
13 Address Inputs defines which one of the 8192 
8-bit bytes is to be accessed. Valid data will be 
available at the eight Output pins within tavav after 
the last stable address, providing G is LOW, and S 
is LOW. If Chip Enable or Output Enable access 
times are not met, data access will be measured 
from the limiting parameter (tsLav or taLaqv) rather 
than the addresses. The state of the DQ pins is 
controlled by the S, G, and W control signals. Data 
out may be indeterminate at tsLax and teLax, but 
data line will always be valid at tavav. 


READ CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
(0°C <Tas+70 °C; Vcc = 5V + 5%) 
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Figure 2. Read Timing No. 1 (Address Access) 


ADDRESS Co 


tAVQV 


tAXQX 


PREVIOUS DATA KX XXKXKX DATA VALID 


VROO1023 


Note: Chip Select and Output Enable are presumed Valid, W = Vin 


Figure 3. Read Timing No. 2 (W = Vin) 


ADDRESS 
tAVQV 


tSLQV tSHOZ 


TIT TTT I AW 


IIISLLLLLLLR EF RR 


Cena) 


\ 


VROO1024 
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WRITE MODE 

The MK48S80 is in the Write mode whenever the 
W and S pins are LOW. Chip Select or W must be 
inactive during Address transitions. The Write be- 
gins with the concurrence of Chip Select being 
active with W LOW. Therefore address setup times 
are referenced to Write Enable and Chip Select as 
tavw_ and tavs_, and is determined to the latter 
occurring edge. The Write cycle can be terminated 


by the earlier rising edge of S or W. If the output is 
enabled (S = LOW, G = LOW), then W will return 
the outputs to high impedance within twiaqz of its 
falling edge. Care must be taken to avoid bus 
contention in this type of operation. Data-in must 
be valid for tovwu to the rising edge of Write Enable, 
or to the rising edge of S, whichever occurs first, 
and remain valid twHpx after the rising edge of S or 
W. 


WRITE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


Pa °C <Tas+70 °C; Voc = 5V + 5%) 


Parameter — 


Write Cycle Time 


Address Set-up to Chip Select 


| Data Valid to End of Write | Valid to End of Write 


}twaox | ton | 


ew Hold Time 


= Eee 2 
' Address Set-up to Write 
mvs Enable Low 
Esc Eo 
oe 


| tous | } tosw | [Chip Select to End of Write | Select to End of Write 15 | | 18 | | 15 


' a Recovery Time to Eedencnaaenhedl 
ee Select 


pet pel pet fst te 


2 High to Output Low-Z 
tWHOX | tWeL (Active) 
a 
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Figure 4. Writing Timing No. 1 (Write Control) 


ADDRESS 


VRQ01025 


Figure 5. Writing Timing No. 2 (Chip Select Control) 


tSHAX g 


; DATA IN VALID 


. 


VRQ01026 


Note: G = Vin 
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COMPARE MODE 


The MK48S80 is in the Compare mode whenever 
W and G are HIGH provided Chip Select (S) is 
active LOW. The 13 index address inputs (A0-A1 2) 
define a unique location in the static RAM array. 
The data presented on the Data Inputs (DQo-DQ7) 
as Tag Data is compared to the internal RAM data 
as specified by the index. If all bits are equal, then 
a hit condition occurs (MATCH = HIGH). When at 
least one bit is not equal, then MATCH will go LOW 
Signifying a miss condition. The MATCH output will 
be valid tavmv from stable address, or ttvmv from 
valid Tag Data when S is LOW. Should the address 
be stable with valid Tag Data, and the device is 
deselected (S = HIGH), then MATCH will be valid 
tsLmv from the falling edge of Chip Select (S). When 
executing a write-to-compare cycle (W = LOW, G 
= LOW or HIGH), MATCH will be valid twHmv or 
taumv from the latter rising edge of W or G respec- 
tively. 


RESET MODE 

The MK48S80 allows an asynchronous reset clear 
whenever RS is LOW regardless of the logic state 
on the other input pins. Reset clears all internal 
RAM bits (65,536 bits) to a logic zero as long as 


tRSL-RSH is satisfied. The state of the outputs is 
determined by the control logic input pins S, W, and 


G during reset (see Truth Table). The MATCH 


output will go HIGH trst-mu from the falling edge of 


RS, and all inputs will not be recognized unit trsH-av 


from the rising edge of reset (RS). 


APPLICATION 


The MK48S80 operates from a 5V supply. It is 
compatible with all standard TTL families on all 
inputs and outputs. The device should share a solid 
ground plane with any other devices interfaced with 
it, particularly TTL devices. A pull-up resistor is also 
recommended for the RS input. This will ensure 
that any low going system noise, coupled onto the 
input does not drive RS below Vin minimum spec- 
ifications. This will enhance proper device opera- 
tion, and avoid possible partial flash clear cycles. 
Additionally, because the outputs can drive rail-to- 
rail into high impedance loads, the MK48S80 can 
also interface to 5V CMOS on all inputs and out- 
puts. The MK48S80 provides the system de- 
signer with 64K fast static memory, a MATCH 
out-put, and a BYTEWIDE on-board comparator, 
all in one chip. The MK48S80 compares the con- 
tents of addressed RAM locations to the current 


COMPARE CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 


(0°C < Tas +70 °C; Vcc = 5V + 5%) 
Hee a 


t Chip Deselect to MATCH 
SHMH | tcSMH High 5 
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ea 


CEP ECE EE 


P| ave —| —[-w | 
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RESET CYCLE TIMING - Electrical Characteristics and Recommended AC Operating Conditions 
aa °C < Tas +70 °C; Voc = 5V + 5%) 
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Figure 6. Match Compare Timing 
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data inputs. A logic one “1" output on the MATCH 
pin indicates that the input data and the RAM data 
match. Conversely, a logic zero "0" on the MATCH 
pin indicates at least one bit of difference between 
the RAM contents and the input TAG, generating a 
miss. 


The MATCH output is constructed with a totem- 
pole arrangement. The totem-pole configuration 
allows the designer to minimize switching delays 
and noise problems associated with open-drain 
devices. In a cache subsystem, the MATCH signal 
provides the processor or CPU with the necessary 
information concerning wait state conditions. The 
purpose of a cache subsystem is to maintain a 
duplicate copy of portions of the main memory. 
When a valid match occurs, the system processor 
uses data from the fast cache memory, and avoids 
longer cycles to the main memory. Therefore, im- 
plementing cache subsystems with the MK48S80, 


Figure 7. Reset Timing 


and providing good hit or match ratio designs will 
enhance overall system performance. Because 
high frequency current transients will be associated 
with the operation of the MK48S80, power line 
inductance must be minimized on the circuit board 
power distribution network. Power and ground 
trace gridding or separate power planes can be 
employed to reduce line inductance. Though often 
times not thought of as such, the traces of a mem- 
ory board are basically unterminated, low imped- 
ance transmission lines. As such they are subject 
to signal reflections manifested as noise, under- 
shoots and excessive ringing. Series termination in 
close proximity to the TTL drivers can improve 
driver/signal path impedance matching. While ex- 
perimentation most often proves to be the only 
practical approach to selection of series resistors, 
values in the range of 10 to 33 ohms often prove 
most suitable. 


COMPARE RESET CLEAR 


tRSC 


KK RAKKAA AAAS 


tRSL-AX 


ADDRESS 


tRSH-AV 
tRSL-RSH 


tRSH-AV 


tRSL-MH 


(_maTcH vaLin_)V/\/Y 


VR001028 
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ABSOLUTE MAXIMUM RATINGS 


a 
m[Peerdesais Pw 


Note: This is astress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0 °C < Ta < +70 °C) 


Cc Supply Voltage 
c 
L 


ViH Logic 1 All Inputs 


Logic 0 All Inputs 


Vi 


[ia foumiteaasecinod =f fs | mf 
[or [aoe cup vee ara—ewas [ef | | 
va [lesecupuveheetor-emn | | ee fv fa 


CAPACITANCE (Ta = 25 °C, f = 1MHz) 
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AC TEST CONDITIONS 


Figure 8. Equivalent Output Load Circuits 


VAC01029 VROO1030 
Notes : 
1. Measured with load shown in Figure 8A. 
2. Measured with load shown In Figure 8B. 
3. All voltages referenced to GND. 
4. lcci 1S measured as the average AC current with Vcc = Vcc (max) and with the outputs open circuit. tavav = tavav (min) duty cycle 100%. 
5. Input leakage current specifications are valid for all Vin such that 0 V < Vin < Vcc. Measured at Vcc = Vcc (max). 
6. Output leakage current specifications are valid for all Vout such that 0 V < Vout < Vcc, S = Vin and Vcc in valid operating range. 
7. Sampled, not 100% tested. 
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ORDERING INFORMATION 


Example: MK48S80 X 17 /20 


Package] [reed] [Option 


N  PSDIP28 15 15ns /20 ‘Tape & Reel 
X  PSOJ28 17. 17ns 
300 mils 
20 20ns 
25 2ons 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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VERY FAST CMOS 4K x 10 CACHE SnoopTAG 


ADVANCE DATA 


a 4K x 10 BiPORT SRAM WITH LOCAL AND 
SNOOP PORT COMPARATORS 


» ADDRESS TO MATCH ACCESS : 17ns 
» PORT ENABLE TO MATCH ACCESS : 8ns 


» COMPREHENDS SNOOP CACHE 
COHERENCY INVALIDATION 


» ON-CHIP PARITY GENERATOR / CHECKERS 


m MASTER / SLAVE CONFIGURATION FOR 
WIDTH EXPANSION 


m RESET / FLASH CLEAR FUNCTION 
a STATUS BIT OPTION FOR BOTH PORTS 


m» APPLICATION: HIGH-SPEED SINGLE AND 
MULTI-PROCESSOR CACHE SUBSYSTEM 


CONTROL & STATUS I/O 


Master/Slave 
3m 
Port B Address Strobe Input 


February 1992 


COMP6 


ble 


EA 
EB 
RS 
M/ 

SW 
CF 


PLCC68 (Q) 


Figure 1. Logic Diagram 


Voc YocQ RS M/S COMP6 


AAO-AAI1 ABO-AB11 
ASA ASE 

SW 

EB 


CDQO 
DQi-DQg Gy 


PERRA 


45180 
MTCHA 
D 


MK 
CF GND GNDg 
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ADDRESS & DATA I/O 


AAO - AA11 Port A (Local) Index Inputs 
Port B (Snoop) Index Inputs 


VALID Bit Designator; Clearable 
eo? RAM I/O 


DQ1 - DQ5 Port A Data - Tag I/O 
DQ6 - DQ9 Port A Data - Tag I/O / Status Bit I/O 
TDO - TD5 Snoop Tag Data Inputs 


; Snoop Tag Data Inputs / Status Bit 


1/28 
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DEVICE DESCRIPTION AND FEATURES 


The MK45180 is a dual-port cache tag directory, 
SnoopTAG™, targeted for high-speed applica- 
tions requiring fast tag directory access compari- 
sons, as well as an efficient mechanism for ensur- 
ing coherency between local cache storage and 
system main memory. The device architecture is 
designed around a 49,152-bit BIPORT™ CMOS 
Static RAM, as 4,096 words x12 bits (including 
parity and snoop valid bits). It employs SGS- 
THOMSON advanced HCMOS process technol- 
ogy. 

This new member of the SGS-THOMSON cache 
TAGRAM™ family offers separate and asyn- 
chronous ports for Local TAGRAM accesses and 
bus watching or “snooping” during system 
write/read cycles. The Local port (Port A) oper- 
ates much like the industry standard MK41S80 
4K x 4 TAGRAM, but features a 12-bit address 
index with a 10-bit Data/Tag field. Port A can 
write, read, or compare the SnoopTAG’s contents. 
The Bus Watch or Snoop port (Port B) also has 
a 12-bit index address with a 10-bit tag data 
(TDO-TD5 and TDQ6-TDQS) field, and indicates a 
hit each time the system bus addresses a loca- 
tion contained by the local cache directory. Port 
B does not perform typical SRAM write or read 
operations, but always snoops and compares sys- 
tem read or write cycles to detect a hit or miss 


SnoopTAG BLOCK DIAGRAM 


COLLISION 
DETECTION CKT 


BiPORT 
4K x 10 


OnOmMDVOUY 


é 

@) m 

| O} S| m 
>i A4ADONV 


> 
VY 


im 


CDQo 
(Valid) 


DQ:is5 DQe-s 
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condition. 


The MK45180 offers a three state totem-pole 
MTCHA output for fast match access, and data 
off time. MTCHA is active only during valid com- 
pare cycles. The MTCHB output offers a totem- 
pole arrangement designed for fast expansion 
times. The snoop port (Port B) includes a Match 
Expansion Input (MXI) for width expansion with- 
out additional logic or cycle time penalties. Both 
MATCH outputs (MTCHA and MTCHB) are high 
for a cache “hit”, and low fora cache “miss” 
during bus compare cycles. For easy match out- 
put control, both match outputs offer a fast access 
time from their respective port select enables. 


The MK45180 offers two separate enables, EA 
(Port A Select Enable) and EB (Port B Select 
Enable), to allow for independent port selection in 
cache designs comprised of multiple SnoopTAG 
devices organized for depth expansion or set-as- 
sociativity. This feature reduces the device or 
chip selection complexity for system designers 
since each port can be activated independently. 
Furthermore, the device offers a parity error out- 
put (PERRA and PERRB) for each port. Parity 
error flags will assert a logic zero when an error is 
detected by the internal parity checker for Port A 
or Port B compare cycles, and for Port A read 
cycles. 


BLKDIAGM 
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THOKks.. “TDiss MTCH,, MTCHg, PERRa, PERRe 


ISTA SGS-THOMSON 


e MICROELECTRONICS 


698 


Figure 2 : Pin Connection 


MK45180 


MK45180 


32 33 34 35 36 37 


MODE CONFIGURATION 


Master / Slave Mode Option 


Two options are incorporated in the device for bus 
watching and width expansion. The mode configura- 
tion input (M/S) configures the_ device as ei- 
ther a Master or Slave. The M/ S input is consid- 
ered as astatic input, and should be tied high 
for a Master, or tied low for a Slave. The Master 
will execute automatic snoop port address invali- 
dation, and determine an index address match for 
collision detection. The Slave device (M/S = low) 
observes local and snoop port cycles, and indi- 
cates ahit or miss condition ; however, the 
automatic snoop invalidation and collision detec- 
tion schemes are disabled. (Refer to the Coher- 
ency Mode Select State Table). If the device is 
configured as the Master where M/S = high, then 
the indicated entry in the cache willbe invali- 
dated during snoop write-hit cycles (SW = low). 
During system snoop-read cycles (SW = high), a 
hit or miss is indicated by the MTCHs output, but 
the SnoopTAG cache directory is not affected. 


VA00618 


A Master/Slave combination is employed for tag 
data field width expansion (see the “MATCH 
WIDTH EXPANSION” discussion and figures). 
Only the Master SnoopTAG stores the Valid Bit, 
and parity errors (PERRA, PERRB) are detected 
and ANDed together from both the Master and 
Slave devices. Parity becomes valid for each RAM 
location that is written into the SnoopTAG de- 
vices. Thus, a complete cache fill constitutes valid 
parity for the entire SnoopTAG master/slave 
combination. It should be noted that the Master 
ignores parity errors after reset. PERRA, PERRB 
will remain true on subsequent compare cycles 
after a reset operation occurs. This is because 
with the suggested master/slave combination (see 
Figure 3), areset operation only affects the Master 
SnoopTAG, and the Slave device is not dis- 
turbed. Remembering that the Master ignores par- 
ity errors for each RAM location not yet written, a 
cache flush operation using RESET (RS) for flash 
clear, will invalidate all entries generating a miss 
on subsequent compare cycles without generat- 
ing undesired system parity errors. 
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Status Bit Mode Option 


The COMP6 input is a static input that is common 
to both ports. It configures the comparator on both 
ports (Port A and B) to compare either 6 or 10 tag 
data bits from the external inputs with the internal 
RAM to determine a match. If the COMP6 input is 
tied high, then a tag field of 10 bits is provided, 
and the SnoopTAG compares all 10 inputs on 
either port (CDQ0, DQ1-DQ9 or TDO-TD5 and 
TDQ6-TDQ39) with internal RAM during port com- 
pare cycles. If COMP6 is tied low, 4 bits are 
truncated from each port comparator resulting in 
a 6-bit tag, and providing four (4) status bit out- 
puts during any valid compare cycle on either 
port. In summary, each port will indicate a hit or 
miss condition during a compare cycle in addition 
to providing four cache subsystem status bits si- 
multaneously. (Note from the Block Diagram 
that the COMP6 input configures each port witha 
6-bit tag field to the comparator, and 4 status bit 
outputs. COMP6 makes no reference to the Mas- 
ter/Slave selection.) 


Again, all data along with any status bits are written 
to the SnoopTAG during port A write operations. 
The status bits can be written and read from port 
A, and are valid during Port A compare cycles. 
Also, the status bits are read valid during each 
Port B snoop cycle. 


BUS WATCH PROTOCOL (SNOOPING) 


The Bus Watching or Snoop port observes the SW 
input (Snoop Write Enable) and uses the 12-bit 
Snoop index and 10-bit Tag-Data (TDO-TD5 and 
TDQ6-TDQ9) to determine whether a system 
bus write cycle affects data in the local cache. 
This operation can be asynchronous to the local 
cache execution. If the addressed location re- 
sides in the MK45180 TAGRAM directory (hit 
condition), then that location will be invalidated 
(provided M/S = high) since it is no longer co- 
herent with main memory. 


The MK45180 SnoopTAG incorporates on-board 
algorithms to aid the system designer in snoop hit 
detection and system memory coherency. Only 
one condition exists where the cache tag directory 
will be invalidated by the snoop port during sys- 
tem write cycles. This is shown in the Port B 
Master/Slave Truth Table. It should be noted that 
each write/read cycle from the snoop port (Port B) 
is only acompare operation to determine a hit or 
miss condition. In other words, each snoop port 
operation simply checks the SnoopTAG direc- 
tory for an address and tag match. (Snoop cycles 
allow the 4 status bits to be read when COMPE6 is 
low.) The snoop port (Port B) can only invalidate 
cache tag locations when a compare-hit occurs 
during a snoop write cycle, provided the Master 
configuration is selected to enable this protocol. 
Port A, on the other hand, can write, read, and 


compare all index address locations in the Snoop- 
TAG directory regardless ofits master/slave con- 
figuration (refer to the Port A Master/Slave Truth 
Table). The BiPORT operations for the device 
are discussed in more detail in the following 
paragraphs. 


PARITY VERIFICATION 


In addition to cache coherency and device config- 
uration inputs, the MK45180 incorporates parity 
verification. Parity diagnostic testing allows in- 
valid parity to be forced into the memory array via 
Port Athrough the PERRA pin by forcing the pin 
low during normal write cycles. (During Port A 
write cycles the PERRA pin is a parity select input.) 
A parity diagnostic write cycle generates false par- 
ity by holding PERRA low for the duration of the 
write cycle. When this address location is 
checked by the parity checker, using an even 
parity scheme, aparity error results and PERRA 
will be asserted low. The same location will also 
generate a parity error on Port B by asserting 
PERRB low. To generate and store true parity, 
the PERRAinput pin must be held high for the 
duration of a Port A write cycle. 


Normal write operations assume a pull-up load 
(high level) on the PERRA pin for writing true 
parity, however, this input can be forced low at 
twipz during parity diagnostic write cycles. It 
must be noted that the PERRA input during write 
cycles is not the actual parity data, but acts as a 
select that self generates and stores either true 
or false parity (false = error). During parity diag- 
nostic write cycles where parity is expected to be 
written false, the PERRA input must maintain a 
stable Vi_ input ( tpLwH ) to the end of the write 
pulse (W goes high), and be held stable twHPH 
after the end of write, but not to exceed twupx 
(PERRA low-Z) to avoid bus contention. Due to 
the “on and off” time of the bus, the parity diag- 
nostic write cycle requires an extended cycle. Refer to 
the Parity Diagnostic Write Timing AC specifications. 


The PERRA pin acts as an output during Port A 
read and compare cycles. This output will become 
active twHpx from the end of write, and will be 
valid tavpv from a stable address (read or com- 
pare cycle), or twHpv from W going high with a 
stable address. PERRA is asserted low when- 
ever a parity error is detected during a Port A 
read or compare cycle. Port B checks the tag 
field inputs plus parity during snoop cycles. The 
parity bit is not internally generated from Port B, 
but both ports check valid parity. When a parity 
error is detected during Port B snoop cycles, the 
PERRB outputis asserted low. 


TYPICAL TAG WRITE OPERATIONS 


During write cycles, the Port A address index must 
remain stable with Data Inputs (CDQO0 and DQ1-DQ9) 
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presented valid for a duration_ of tovwu, and re- 
maining valid for twHpx after W goes high. Since 
bus contention can exist when executing write 
cycles with G asserted low, write cycles with G 
held high are recommended. Otherwise, Data In 
can be presented valid at twLaz from W low. Typ- 
ical write cycles assume a constant high logic level 
load on the PERRA pin to generate and store true 
parity in the SnoopTAG. 


AUTOMATIC INVALIDATION MODE 


Although the external valid bit (V) is indicated from 
the Master MK45180 by the CDQo pin, the 
MK45180 Master also uses an internal Snoop 
Valid (SV) bit for each cache SnoopTAG entry. 
Both valid bits must be equal to a logic one (V = 
SV = 1) to indicate a hit condition on either port. 
During Port A cache tag write operations, both bits 
are set to alogic one. When a snoop hit occurs 
on Port B during system write cycles (SW = low), 
the Snoop Valid (SV) bit is cleared to a logic zero, 
thus providing an invalid indication for that entry. 
During compare cycles the SV bit is passed into 
either port’s comparator logic. This provides easy 
asynchronous BiPORT operations, as well as en- 
suring fast snoop write-hit invalidation. Both the 
MTCHB and PERRB outputs will remain stable 
during a snoop invalidation. 


As stated previously, snoop write cycles during a 
hit condition will invalidate the current Port B 
index address in the SnoopTAG array by clearing 
the snoop valid (SV) bit. A bus snoop hit during 
system write operations will invalidate the snoop 
valid bit in the SnoopTAG array only at that specific 
index address, such that SV=0 (if Master Config- 
uration is selected). This forces a miss and cache 
fetch-update when the local port accesses the 
same location at a later time (thus the new data 
tag is fetched and stored by local cache). This 
cache coherency method eliminates the possibil- 
ity of invalid data being accessed by the local 
port. 


Since CDQo is designated as the external valid 
bit for all cache tag locations, the CDQ0 and TDO 
inputs can be tied high (+Vcc) for using external 
valid (V) bit indication. A RESET is considered a 
Flash Clear operation where all of the RAM entries 
for the CDQ0O output are cleared to a logic zero. An 
asynchronous clear operation is performed by 
pulsing RS low for a minimum duration of tRLRH. 
Inputs are recognized valid 10ns after RS goes 
high. 

BiPORT COLLISION DETECTION 


As can be noted in the Collision Detection Logic 
Table, the CF signal is asserted low whenever: 
(1) the index address inputs on both ports are 
equal (index A=B) with both address strobes ac- 
tive low (ASA = ASB = low), (2) both ports must 
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be enabled, and (3) the port operations 
(write/compare/read) on Port A and Port B war- 
rant a collision. 


First, address collision on the MK45180 Snoop- 
TAG assumes that the address is valid coincident 
with or prior to the address strobe being asserted. 
Therefore, the MK45180 detects collision where 
the address strobe inputs satisfy the required 
minimum set-up time of tast-asH for collision de- 
tection. This ensures a valid address cycle. The 
Collision Flag (CF) will be asserted for a mini- 
mum of tasH-cFH after either address strobe 
goes high. Address strobes cannot be tied 
low, as this would allow erratic collisions. 
Second, collision is considered valid when both 
ports are enabled for a minimum set-up time of 
te1L-E2H . The CF signal will remain low for a 
minimum of teH-cFH after either port is disabled 
during collision. Finally, collision can be de- 
tected when either port enters a write_operation, 
thus collision is considered from the W and SW 
inputs. Collision can end whenever one port com- 
pletes its current write operation or changes ad- 
dresses. 


If the CF signal is not asserted (CF remains high), 
then collision is not detected, and both ports have 
completed their particular operation as expected. If 
address collision exists from address strobe for 
less than or equal to 3ns, collision will not be 
detected for that cycle, thus CF will remain high. 
This avoids undesired pulses from the Collision 
Flag when address collision is too short to have 
any affect on port operations. 


COLLISION : PORT OPERATIONS 


The MK45180 provides the user with a Collision 
Detection Flag (CF) to indicate when an address 
collision occurs during BiPORT operations while 
the device is in MASTER mode. Collision in itself 
does not provide exclusive port priority or arbitra- 
tion as both port operations will be completed. 
When collision occurs on a snoop write-cycle, the 
snoop invalidation protocol will supersede a write 
cycle on the local port. The invalidation is not a 
direct result of the collision, but is a result of the 
device’s snoop write-hit algorithm provided the fol- 
lowing conditions are met. 


To ensure invalidation, the normal Port B snoop 
write input (SW) set-up and hold times must be 
met where the SW pulse is a minimum. of 
tswiswu, (see Figures 10 and 12). In this sce- 
nario, the entry is written invalid (SV = 0). Fora 
successful operation, it is expected that the mini- 
mum times are met, andthatW does not extend 
beyond the collision time (CF going high). The 
snoop invalidation operation is guaranteed to in- 
validate the entry during collision at the specified 
index address. However, the true parity indicator 
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can be corrupted on collision during a “WRITEA - 
WRITEB Wins” situation. Care must be taken so 
Port A completes the Write either before of after CF 
VALID to insure proper parity bit generation. This will 
avoid potential parity errors in future Read or Com- 
pare cycles to the previously collided addresses. 


By now it may be obvious that Port A write oper- 
ations to the Snoop Valid (SV) bit are suspended 
during acollision with a simultaneous snoop write 
cycle. However, if the Port A write enable (W) 
extends a minimum of tswH-wH at the end of the 
snoop write-hit cycle, then the entry is con- 
sidered written as valid (SV = 1). Inthis case, the 
Port B operation is displaced by the Port A write 
cycle (see Figure 20). Even though a local write 
can displace a snoop write-hit as just described, 
it is not considered to be the normal application. 
Typical applications are expected to allow the 
snoop invalidation operation to predominate. 


STABLE OUTPUTS DURING COLLISION 


Coincident write operations from one port at an 
identical address being accessed by the other 
port can cause data changes that result in un- 
stable outputs on each port during collision. In this 
instance, it is necessary to ensure that the out- 
puts remain stable. Therefore, whenever collision 
is detected both port match outputs, parity error 
flags, and data outputs are held stable for the 
duration of collision. Should either port extend its 
cycle beyond the duration of collision (CF goes 
high), then the match outputs, parity error flags 
or data outputs can begin switching logic states 
within tcFH-ox. If the latter case is not desirable, 
then the user must latch the output condition for 
the desired time when collision is detected. 


MATCH WIDTH EXPANSION 


The local port (Port A) provides a three state 
MTCHA output. The MTCHA outputs for the mas- 
ter/slave configuration canbe ANDed together for 
tag data width expansion. With the Master and 
Slave pair combination, the local port can cache 
up to 31 bits, plus the external valid bit, for a total 
of 32 bits (12-bit index and 20-bit tag). Operation 
cycle times are equal to the single device with 
this combination. 


For the snoop port (Port B) interface, the Match 
Expansion Input (MXI) allows MATCH width Ex- 
pansion without additional logic. However, the 
MXI input employs an expansion delay of (tuxpy) 
to the total match compare access time (tavav), 
but is within a single cycle time. Figure 3 shows a 
block diagram for implementing a width expan- 
sion application. Device configuration selection 
inputs should be set for the Master and Slave 
pair combination. This combination allows a 4K 
(12-bit) address index with a 20-bit tag field 
(including the valid bit), thus caching a total of 
32 bits. The MTCHB output is taken from the 


Master device. Operation cycle times are equal to 
the single device with this combination. 

Port control inputs and index address inputs can be 
connected in parallel for each device pair. The 
parity error (PERRA and PERRB) for each Snoop- 
TAG must be ANDed externally. The MXI and RS 
inputs for the SLAVE device must be tied to +Vcc, 
while the MTCHB output of the SLAVE becomes 
the MXI input of the MASTER. This provides hand- 
shaking between the Master and Slave device for 
the snoop invalidation protocol. The RS input to the 
Master will allow a valid RAM dear operation. The 
Collision Detection Flag (CF) is taken from the Mas- 
ter, since collision is disabled on the Slave device. 


Figure 4 shows width expansion using the Com- 
pare 6 protocol. The index remains 4K (12 bits) 
with a 16-bit tag field and 4 status bits. This con- 
figuration allows 28 bits to be cached on each 
port. Match outputs and flags are gated asin the 
previous example, along with port controls and 
index addresses bussed in parallel to both devices. 
Reset and MxXI_are tied high on the SLAVE de- 
vice, and COMPE6 is tied low. Either device can 
enable the Compare 6 function, but the Slave 
device is suggested. If the Master detects a miss 
condition, then the Slave MTCHB input to MXI 
doesn’t matter. And using 10 tag bits on the 
Master increases the chance of detecting a miss. 
Therefore, the COMP6 input to the MASTER is 
tied high in this example. 


FLASH CLEAR OPERATION 


The MK45180 includes an asynchronous Reset or 
Flash Clear function by asserting the RS pin 
active low (ViL) for a duration of tRLRH. This will 
effectively clear all CDQO RAM locations, thereby 
invalidating all cache entries. After reset, the re-main- 
der of the array is considered invalid. 


A Reset cycle is required for each device config- 
ured as the Master before normal system tasks 
begin to fill the cache. This clears the valid bit for 
all cache tag locations, and ensures that initial 
compare cycles indicate a miss condition for both 
local and snoop compare operations. All inputs 
are considered don’t care and invalid while the RS 
input is low. All device outputs will go high imped- 
ance from the falling edge ofthe RS input. Device 
flag outputs (CF, PERRA and PERRB) will go 
high dur-ing a reset cycle. MTCHg will also go 
high during reset operations as shown in the 
“PORT B MAS-TER/SLAVE TRUTH TABLE”. 
Since the reset function is asynchronous to all 
other operations, care should be taken to ensure 
that any low going system noise, coupled onto the 
RS input, does not cause VIH to drop below spec- 
ified VIH levels. Glitches on the RS input could 
produce partialloss of data resulting in degraded 
system performance. A pull-up resistor in the 
range of 1K to 2.2K ohms is recommended for 
the RS input to enhance proper operation. 
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Figure 3 : Match Width Expansion Diagram 


SYSTEM PORT( B) ADDRESS BUS 
LOCAL PORT (A) ADDRESS BUS 


MK45180 
cone (MASTER) 


PORT CTRLS one MATCH , OUT 
MK45180 [)>— 


(SLAVE) maps MICH .g MATCH g OUT 


EXPANSION 


MITCH a 


MTCH 9 
CF 
PERR A 


PERR g 


KS180WEX 
Master/Slave 4K x 20-bit TAG with Parity 


Figure 4 : Match Width Expansion Using COMP6 


PORT A STATUS BITS PORT B STATUS BITS (OUTPUT ONLY) 


a5 (INPUT/ OUTPUT) 7 ; SYSTEM PORT( B) ADDRESS BUS 
6-9 


LOCAL PORT (A) ADDRESS BUS Pa 


MK45180 
(MASTER) 


PORT CTRLS MATCH A OUT 
mK45160 acura 


(SLAVE) MATCH 
EXPANSION 


MATCH ,, OUT 
CF 


MTCH g _ PERR, 
CF 
PERR A 


PERR B PERRp 


MTCH a 


K5180WXS 


Master/Slave 4K x 16-bit TAG with Parity plus 4 Status Bits 
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COHERENCY MODE SELECT TABLE 


CONFIGURATION MTCHA MTCHB __ | PERRA, PERRB 
L : 
H 


SLAVE Disable Collision-Detect & Valid Valid Valid High 
Snoop Invalidate 

. I ‘cion- 
MASTER; Enable Collision-Detect & Valid Valid Valid”) Valid 
Snoop Invalidate 


Note: 1. Parity is valid for each RAM location written after reset occurs. 


COMP6 CONFIGURATION TABLE 


sne | FDQ6- 
COMPARE 6 with 4 Status fies Data/Tag | Status Bit Status Bit 


8/28 ka SGS-THOMSON 
S/ A MICROELECTRONICS 


704 


MK45180 


PORT A MASTER/SLAVE TRUTH TABLE 


WRITE (Force Parity Error) 
WRITE (True Parity) 
READ (MTCHA High-Z) 


COMPARE/ MTCHA VALID (Hit or 
Miss) 


Note: ASA is determinate only tn collision detection 
* Presumes COMPE6 ts high Truth Table reflects valid port operation for either logic state of COMP6. 
If COMP6 is low, DQ6-DQ9 are status bit outputs instead of tag data inputs. 


PORT B MASTER/SLAVE TRUTH TABLE 


TDO-TD5 
TDQ6-TDQ9* 


VALID 


SNOOP CYCLE 


= ie MAT 

VALID or 
= ra ae Sa 
vn) wan | RTE 


Notes: ASB ts determinate only in collision detection 
) A low level on MXI (match expansion) will force the Port B match (MTCHB) to be low (miss). 


tT MXI must be High for a valid compare snoop-hit operation. 
* Presumes COMP6 1s high Truth Table reflects valid port operation for either logic state of COMP6. 
If COMP6 ts low, TDQ6-TDQ9 are status bit outputs instead of tag data inputs. 
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COLLISION DETECTION LOGIC COLLISION FLAG TRUTH 


TABLE 
ee 


| ok 


PORT B 
OPERATION 


RESET RESET 


< 
Q) 
am 


EE 


> 
i 

Ww 
as 
G) 
a 


Note. Truth table assumes a valid 


address cycle where index A=B 
with ASA and ASB low. 


> 
i 

w 
= 
O 
= 


Snoop READ 


L WRITE | Snoop READ 


COMPARE | Snoop READ 


Note: This table presumes that index AAO-AA11 = ABO-AB11 for all examples where 


>| P| > 
un fu fu 
wl] wo] ow 
(ama = 
O| O 
=|= 


> 
i 
w 


> 

Il 

w 
a5 5 a 
G) G) 
a ead Dies 


> 
n 

U8) 
a. 
) 
2c 


PORT A: READ CYCLE TIMING - AC OPERATING CONDITIONS AND 


CHARACTERISITICS 
(0°C < Ta $+70°C; Voc = 5V + 5%) 


MK45180-17 
ea Meee PARAMETER PORT A 
MAX 
20 


= 
p> 
>< 


— | —- |] —-1 P| PT Po] ~] mM 
© [@) oO 

=) 

a 


NO 


Read Cycle Time 20 
Address to Data Valid Access Time 
Output Enable (G) Q Valid Access Time 


Port Enable (EA) Q Valid Access Time 
Address to PERR Valid Access Time 


Port Enable (EA) to PERR Valid 


Port Enable (EA) to Q Low-Z 


teLpx | Port Enable (EA) to PERRA Low-Z 


Oo; rm] oa 
” nm 


20 


ao; 
ale 
n n 


a) 
02) 


10 
10 


=) =) 
n n 


4 ek | ok 
N N | © 


Note’ ASA Is presumed valid for all read timing examples 
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Figure 5 : PORT A: Read Cycle Timing 


READ CYCLE READ CYCLE 


t AVAV t AVAV 


ADDRESS VALID ADDRESS VALID 


t AVQV 


tGLax | 4 t AXQX 


VALID OUT eC VALID OUT 


a tAXPX 
XXX VAUD KK vauio) 


RRBITAG1 


* Avoid metastable inputs. 


Note: W ts presumed high 


Figure 6 : PORT A: Read Status Bit Timing 
COMPARE cycle ") COMPARE cycte "") 


t AVAV t AVAV 


ADDRESS VALID ADDRESS VALID 


tELQV 


tEHQZ 


> a9 7G ee coe 9 ey, 


(Status Bits) 
COMP6DQ 


Notes : (1) W = G = high. COMP6 = low. 
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PORT A: WRITE CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(O°C < Ta $ +70°C; Vcc = 5.0 + 5%) 


MK45180-17 
SYMBOL PARAMETER PORTA 


ite (W) 


MK45180-20 
PORT A 


N 
on 


a ok — —_ —_ — —_ 


ioe] 


Address Hold after End of Write 
Port Enable Pulse Width 


Write Command (W) Pulse Width 
Port Enable to End of Write 


&}] ao] OD 


Write Enable (W) High to Q Low-Z 


Note: ASA is presumed valid for all write cycle timing examples. 


2 
| 
1 
3 
3 
1 
1 
1 
1 
1 


rm 


Data Set-Up Time to EA High 


— 
Oo 


0 
6 
6 
6 
4 
6 
2 
2 
2 


PORT A: PARITY DIAGNOSTIC WRITE TIMING - AC OPERATING CONDITIONS AND 
CHARACTERISTICS 
(0°C <Ta <+70°C, Voc =5V +5%) 


MK45180-17 
SYMBOL PARAMETER PORT A PORT A 
MAX. 
ef fs 


Parity Diagnostic Write Cycle Time 
Write Enable (W) High to PERRA Valid 


W 
Write Enable (W) Low to PERRA Input High-Z 


ae Input Low to End of Parity Diagnostic 
rite 


t PERRA Input Hold Time after Parity Diasgnostic 
WER Write (W = high) 


Write Enable (W) High to PERRA Low-Z 


Notes: All other parameters are equal to the normal write cycle timing parameters. 
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Figure 7 : PORT A: Write Cycle Timing 


WRITE CYCLE WRITE CYCLE 


t AVAV t AVAV 


ADDRESS VALID ADDRESS VALID 


t AVWH 


t EHAX 


=“ WLLL, 


t EHOZ 
WLLL) 


CDQ, V7 VA 
me, XK ORT VAD) CX oaranvatio Yy 


WWBITAG1 


Notes : Gis presumed high. Write cycles with G high are recommended to avoid bus contention. 
Addresses must remain stable during write cycles. Either W or Ea must terminate a write cycle. 


Figure 8 : Parity Diagnostic Write Cycle Timing 


WRITE CYCLE READ CYCLE 


<———_ tavav ———>+*————  tavav 


INDEX a 


IDENTICAL VALID j ADDRESS 


: | t WHPV 4 
MK ALLL LAG 


t WHDX 


m_, /\ K /\/\ kK DATAIN, 
Bains 6 ce DATA IN VALID < VALID OUT) 
ee 


SELECT ERROR IN eeece ERROR OUT 


WRPERRO1 


Notes : Ea is presumed low ; G is high 
Addresses must remain stable during write cycles. Either W or Ea must terminate a write cycle. 
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PORT A: COMPARE CYCLE TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C < Tas +70°C; Voc =5V + 5%) 


a 
_ | 20 
[twin | Write Enable High to MTCHA Valid (G = high) | 
| tmz | WhowtoMTCHAHighz | 
| tow | GlowtoMTCHAHigh2 | OO 
Data (Tag) Compare Access Time ee 
oo 
= 
Zz 
Za 
be 
Le 


— 
N 


=k 

a | 

No] — 

oOo; Oo 
a 

ale 

~ 


Address Compare (MTCHA) Access Time 
Port Enable Compare (MTCHA) Access Time 


a | 


ee ee ee ee 


a ee 
a ee 
a 


A 
z 
nn 
~ 


NO] N 


Port Enable Low to MTCHA Low-Z 


Port Enable High to (MTCHA ) High-Z 


Port Enable MTCHA Hold Time 


Note: ASA Is presumed valid for all compare cycle timing examples. 
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Figure 9 : PORT A : Compare/Write Cycle Timing 


COMPARE CYCLE WRITE CYCLE 


tAVAV t AVAV 


INDEX, 


A = 
ADDRESS VALID ADDRESS VALID 
11 


HL. 
M11 4L/ 
MLM IL Xk 


t DVMV 


TAG DATA VALID 4s DATA IN VALID E(¢ 


'DXMX 


t WHQX 


tAVPV 


ert 2.0.6 0.6 Merccuee 0.0 aoa) 


tAXMX 


RX A_vauio conan 7 X 7 


tELMX 


COMPAREA 


* Avoid metastable inputs. 
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PORT B: SNOOP CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(O°C < Tas +70°C, Veco =5V + 5%) 


MK45180-17 | MK45180-20 
PARAMETER PORT B PORT B 
MAX. 


tELSWH Port Enable (EB) to End of Snoop Write 


tavmv Address Compare (MTCHB) Access Time 


teLMv Port Enable Compare (MTCHB) Access Time 


PERRB Status Bit Hold Time from End of Snoop Write 
(SW high) 


Note: ASa Is presumed valid for all snoop cycle timing examples. 


SYMBOL 


a 
wn 


=) a) a] 
mn w n 


=) 
n 


3 
ioe) 


=) 
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n 


=] 
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=) 
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Figure 10 : PORT B Snoop Cycle Timing 


SNOOP WRITE CYCLE SNOOP WRITE CYCLE SNOOP READ CYCLE 


t AVAV t AVAV t AVAV 


ADDRESS VALID ADDRESS VALID ADDRESS VALID 


t 
t AVSWH LAVEL, me AVMV 


Ee \\\K ae WHLLL 


t ELSWH , 
AVSWL 


t SWHAX 
tSWLSWH i 7 


t 
tELMV tEHML Dane 


CK YOK ARK ne Ke 


t SWHTX t TVMV 


t TXMX 


- TAG ~~ VALID E TAG VALID a6 TAG VALID 


WRSNOOP 


SNOOP CYCLE SNOOP CYCLE 


t AVAV t AVAV 


ADDRESS VALID ADDRESS VALID 
2 


TAVEH 
tAVMV 


2 Wk tELMV 
tAXMX 


ioe O_o +) 


Notes : Valid snoop cycles are referenced from port enable (Es). 


SNPMTCH 
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Figure 12 : PORT B Snoop Invalidation Cycle Timing 


t AVAV 
INDEXB 


"0 ; ADDRESS VALID 


11 


tTVSWL nee 


Rava KXXXAX 


_ sauae t SWH-MX 
XM veo HR XXX 


t SWH-PX 


XXKK__vauuo our HK XXX 


t SWH-TQX 


XKXXK__ vapour RK 


SNPINVD1 


* If COMP6 is low. 


Note Es is presumed low. 


18/28 


714 


keyg SGS-THOMSO 
/ A MenolecTeaes 


MK45180 


PORT B : PARITY ERROR AND STATUS BIT OUTPUT TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C < Tas +70°C; Vcc = 5V + 5%) 


MK45180-1 MK45180-20 
SYMBOL PARAMETER 
ran mK 


wae | Seep Giaetine SSCs | 


Address Valid to PERRB Output Valid Access Time 


Port Enable to PERRB Output Valid Access Time 


Port Disable (EB high) to PERRB High-Z 


Port Enable to PERRB Low-Z 


t Address Valid to Status Bits (TDQx) Valid Access 
AV-TQV Tine 


Port Enable to Status Bits Valid Access Time 
Status Bit Hold Time from Address Change 
Port Enable to TDQx Low-Z 


tEH-TOZ Port Disable (EB high) to TDQx high-Z 


Figure 13 : PORT B Parity Error Output Timing 


SNOOP CYCLE SNOOP CYCLE 


t AVAV tT AVAV 
ADDRESS VALID ADDRESS VALID 


TAVPV 


tEHPZ 
tAXPX 


raitg «XX Ko) ——KXX_ ao») 


SNPARITY 


Notes : Valid snoop cycles are referenced from port enable (Es) 
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Figure 14 : PORT B: Read Statuts Bit Timing 


SNOOP CYCLE SNOOP CYCLE 


t AVAV t AVAV 


5 ADDRESS VALID ADDRESS VALID 


TAV-TQV 
tEL-TQV 


tEH-TQZ 
tAX-TOX 


7? a0 ee 


(Status Bits) 
CMP6TDQ 


Note : COMP6 ts presumed low. 


RESET/CLEAR CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 


(0°C < TA< 470°C; Voc = 5V +5%) 
RT | To 


SYMBOL PARAMETER 


tRLAV Reset Cycle Time gO We eget all mer | 4 
Reset (RS) Pulse Width G0 | Oe me, | 
Reset (RS Low) to Address Don’t Care eae 2a ae 
isc | Reno addees Siebert [0 | | 
a 


Reset to Snoop Write Enable (SW) Don’t Care 


Reset Recovery Time 20 | | 20 | fl os | 
pao [0 | fo | 8 
[20 
pao fe [a [me [7 
20 | 


: 
Reset to Collision Detection Flag (CF) High 

: 
: 
n 


: 
DD 
= 
N 
D 
© 
n 
a 
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Figure 15 : Reset/Clear Cycle Timing 


COMPARE CYCLE RESET/CLEAR CYCLE WRITE CYCLE 
t t t 
PORT INDEX AVAV RLAV AVAV 
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t RLMZ 
t RLML 


wows — XX XXXK JR__valio 7 
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PORT B : MATCH WIDTH EXPANSION CYCLE TIMING 
AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C <Ta< +70°C; Voc =5V +5%) 


SYMBOL PARAMETER 


Match Width Expansion Cycle Time 35 


' Address Expansion MTCHB Access 
AVMXV-MV Time 


Port Enable Expansion MTCHB Access 
Match Expansion Delay Time 


Figure 16 : Match Width Expansion Timing 


E CONTROL MATCH EXPANSION ADDR. CONTROL MATCH EXPANSION 


INDEX p t MXVAV t MXVAV 


ADDRESS VALID ADDRESS VALID 


t AVEL 


t AVMV 


TAXMX [* 


conn wae XXX XACT va +> 
| | 
| | 
MX! (MTCH p SLAVE OUT) a VALID COMPARE EK XX XX K  vauid —) 


(Expansion In t MXDY | — t DXMX 


to Master) 'MXDY 
t EHMX 


t ELMXV-MV 
K t AVMXV-MV 


MTCH gp (MASTER OUT) 6Cee VALID COMPARE k XX } VALID 


(Output) MEXPTIM 


* Avoid metastable inputs 
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COLLISION DETECTION TIMING - AC OPERATING CONDITIONS AND CHARACTERISITICS 
(O°C s< TAS +70°C; Vcc =5V +5%) 


Se FREE E 
eee 


Address Index Valid to Address Strobe Active 
tav-ASL (Low) 


Address Strobe High to Address Index Change eat 


t Address Strobe Low to Collision Flag (CF) 
peeere Asserted 


Pisce [raatesomenerme Tee 
ce a sa 


t Collision Set-Up Time for Both Ports Enabled to 
chimed One Port Disabled 


en [Serenata Te Te 


| teHcrH | CFH | Either Port Disableto CFHigh Port Disable to CF | Either Port Disable to CF High 


- Port A Write Command (W = low) to CF 
ek Asserted 
' Port B Snoop-Read Command (SW = high) t 
SWH-CFH CF High 
t Port A Collision Displacement : W Low Hold 
anarae Time after End of Snoop Write 
t Output (MTCHx _PERRx, DQx, TDQ6-TDQ9) 
Hee Hold Time from CF High 
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Figure 17 : Port Enable Collision Cycle Timing 


PORT ENABLE COLLISION CYCLE 


INDEX, 


ADDRESS VALID A=B 


| ADDRESS VALID A=B 


tEH- 
tEL-CFL EH-CFH 


PORTECF 


Note Address Strobes (ASx) are presumed low. 


Figure 18 : Port Operation Collision Cycle Timing 


PORT OPERATION COLLISION CYCLE 


t AVAV 
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Figure 19 : Address Collision Cycle Timing 


INDEX AND ADDRESS STROBE COLLISION CYCLE 


et t AVAV 
ADDRESS VALIDA=B 


t AVAV 


ADDRESS VALID A=B | 


t AV-ASL 


t ASH-AX 


t AX-CFH 


alt 
aLL/ 


t : 
tASL-CFL ASH-CFH 


ASCFBHIT 


Note : Address Enables (Ex) are presumed low. 


Figure 20 : Collision : Snoop Invalidation Displacement 


PORT A DISPLACEMENT 
COLLISION AND INVALIDATION COLLISION WITHOUT INVALIDATION 


PORT 
INDEXES 


o ADDRESS A=B ADDRESS A=B 


11 
t AVWH 
t AVSWH 


t AVAV 


t SWH-CFH 


CFPORTW 


Note : Address Strobes (ASx) are presumed low. 
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ABSOLUTE MAXIMUM RATINGS * 


Ambient Operating Temperature 0 to 70 


Storage Temperature —65 to 150 


* This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in 
the operation sections of this specification is not implied Exposure to absolute maximum rating conditions for extended periods 
of time may affect reliability. 

t Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 


SYMBOL PARAMETER : UNITS NOTES 
Supply Voltage V 


Logic 1 All Inputs 


Note. All voltages referenced to GND. Inputs M/S and COMP6 are static inputs requiring Viamin = Vccmin, and Virmax = GNDmax 


| a 
a 
— 
hiarecet 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta<+70°C, Vcc =5V +5%) 


SYMBOL PARAMETER 


Average Vcc Power Supply Current (Both 
eid Ports) 


CMOS Stdby Current (Ex > Voc —0.2 V, f =0) 
Input Leakage Current (Any Input) 


It —1 
se a Ooo oe ee 
Output Logic 1 Voltage (lon =—4.0mA) P24 ff 

Output Logic O Voltage (lo_ = 8mA) ae ae ae ae 
MTCHA and MTCHB ( lo =—12mA) ae ie ae 

MTCHA and MTCHB (lo. = 18mA) 
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CAPACITANCE (Ta = 25°C, f = 1.0MHz) 


c._| Tope Gapscanes on ations want) | 6 | 6 | 
[te [ouputcapactence | 8 


Notes : 

1. All voltages referenced to GND. 7. Measured with load as shown in Figure 22B 

2. Measured with GND < V < Vcc and outputs deselected. 8. Icc1 measured with outputs open, Vcc max. 

3. Output buffers are deselected. 9. Icc1, Icc2e measured In COMPARE mode. 

4. Measured with load as shown in Figure 21A. 10 Icc2 measured with outputs open, Vcc max; f=0 

5. Measured with load as shown in Figure 21B. 11. All other Inputs = Vcc-0.2 or < GND+0.2, no toggle. 
6 Measured with load as shown in Figure 22A. 12. Capacitances are sampled and not 100% tested. 
AC TEST CONDITIONS 


Input Levels GND to 3V 
1.5 Volts 


0°C to 70°C 
5V+5% 


Figure 21 : Output Test Load Circuits Figure 22 : Match Test Load Circuits 


( B.) TLMTCHA 
* Includes scope and test jig. 


OUTLOAD 


* Includes scope and test jig. 
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ORDERING INFORMATION 


Example: MK45180 Q 17 


Q PLCOC68 17 17ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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ky, SGS-THOMSON 
YF. micROELECTRONICS MK4202 


VERY FAST CMOS 2K x 20 CACHE TAGRAM 


» 2048 x 20 CMOS SRAM WITH ONBOARD 
COMPARATOR 


MATCH ACCESS TIME: 17, 20, 25ns 

READ ACCESS TIME: 20ns Max 

RESET CYCLE: 25ns Max 

Icc (OUTPUTS DESELECTED): 250mA Max 
STANDBY: 50mA Max 

= FLASH CLEAR VALID BIT FUNCTION 


=» TARGET APPLICATION: 68040-30, AND 
80486-50 CACHE 


PLCC68 


PIN NAMES 


babar 


Chip Enable (Programmable Active 
Low or High) 


"Pe__[ Chip nate Powanineas 
FS___[ Resort Acre) 


Data Output Enable (Active Low) 


Figure 1. Logic Diagram 


CDQO 
DQ1i—DQi19 


CGO 
MK4202 


cGl 


Compare 0 Output (3-State) 0) 


Hit = High, Miss = Low 


U0 m 
ie) (ot) 


C1 
Compare 0 Output (3-State) 


Hit = High, Miss = Low 


E 
i 
[ie [Fre is Oo ve Low) 
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Figure 2. Block Diagram 


MEMORY CELL 
MATRIX 3/4 


40960 BIT 
STATIC RAM 


ara =i 


CHIP 
ENABLE 


DECODER eels 


DECODER 


COLUMN | 
ADDRESS 


BUFFER 


DEVICE DESCRIPTION AND FEATURES 


The MK4202 is designed to be connected DI- 
RECTLY to a high performance 32 bit microproces- 
sor, allowing the elimination of the logic delays 
associated with collecting HIT or Miss outputs into 
a subsequent gate or the RC delays associated 
with wired-OR open collector match outputs. 


The MK4202 TAGRAM™ has four major features 
that allow direct connection: 


1. Wide enough for almost any TAGRAM applica- 
tion without requiring multiple chip width expan- 
sion and the delays that would result. 


2. Four (4) programmable CHIP ENABLE inputs, 
allowing DEPTH EXPANSION without any of 


WRITE TAG 
WRITE COLUMN 1/0 SENS 
LOGIC LOGIC 
= = COMPARE 
OUTPUT 
BUFFER 


Cc 
e 


TAG DATA 
DRIVER 


DATA IN 
BUFFER 


VA00622 


the attendant chip enable decode delays that 
would otherwise be required. 

PO-P3 should be tied directly to Vcc or Ground, 
or through pull-up or pull-down resistors. The 
MK4202 is selected when E0-E3 equals PO-P3 
in a binary match. 

(Example: EO-E1 = 0110, PO-P3 = 0110.) 


3. 3-STATE COMPARE OUTPUTS, allowing all 


Compare outputs to be bused together so the 
Address-to-Compare access time for a depth 
expanded application is identical to that of a 
single device. The Programmable Chip Enables 
prevent bus contention by assuring that only 
one TAGRAM at a time drives each Compare 
bus when in Compare mode. 
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Figure 3. Pin Connection 


MK4202 


28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 


Oo AIO O 1w 
<< a 


> 


4. DUAL COMPARE OUTPUTS (CO and C1) and 


FORCED HIT (HO and H1) and FORCED 
MISS (MO and M1) inputs for each. The ar- 
rangement allows direct connection of the TA- 
GRAM to a processor input (such as the 
READY input on Intel based processors), and 
to the Output Enable (OE) on a Data CACHE 
bank. The connection of the signals which 
would have been connected to the processor 
inputs and/or data CACHE inputs, are 
PASSED THRU the MK4202 TAGRAM, thus 
eliminating the need for subsequent gates to 


VA00620 


collectthe COMPARE OUTPUTS todevelop an 
input to the processor and/or data CAHE. The 
net effect is that the Address-to-Compare access 
time dem-onstrated by the MK4202 is all of the 
delay the user must consider. The alternative 
approach, using narrow TAGRAMs with open 
collector output or narrow TAGRAMs with 2-state 
outputs and 7.5ns programmable logic, requires 
that the narrow TAGRAMs demonstrate a 9ns 
Address-to-Compare access time to yield the 
same performance in a user’s system that the 
MK4202 provides. 
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POWER DISTRIBUTION 


The MK4202, being a 20 output device, obviously 
requires the use of good power bussing tech- 
niques. MK4202 has been designed in such a way 
as to allow the user to minimize the effects of 
switching transients on overall circuit operation. Of 
particular interest is the separate bussing of the 
Vcc and GND lines to the output drivers. The 
advantage provided by these separate power pins 
is that voltage sags and ground bumps seen on 
these pins are not reflected into the other portions 
of the chip, particu-larly the input structures. As a 


Figure 4. Application Block Schematic 


ADDRESS 


180486 


MK4202 
2Kx20 
TAGRAM 


PO=0 


result, switching noise in the supply has much less 
effect on input levels, providing the user with more 
noise margin than would otherwise be available. 


Of course all Vcc and GND pins must always be at 
the same DC potential. Differences between them 
due to AC effects are expected, but must be mi- 
nimized through the adequate use of bussing and 
bypassing. All specifications and testing are done 
with GND + 10mV RMS, Vcc = + 10mV RMS with 
instantaneous peak differences not exceeding 
5OmvV. 


ADDRESS 
BUFFER 
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TRUTH TABLE 


|W | @ | imo | wont | caocat | Move | co,ct | Da | notes | 

Mn ean a aA eS 
ee a 
om ol ee eae 
ee ee 
CaS oe pape || ora [Pon 
CA 00 = A Si = IS | SH [Eek = PPeomipere, — | Aiee Die | 
Ree Cree ae ee ee ee ee 
CSAS ee ee ee 2 ee 
| ee ee 


a 


pee os eee ol fee der | ee 
Pepe et 


| = | Reset | = | HZ Zi | 


a 
Pe[x[t fatwa [aw | [ree [i jon] 3 


Notes: 

1, Force hit/miss operations independent of other RAM operations. 

2. May disrupt Reset, will not damage device 

3. Reset will force CO and C1 low during a valid compare when CDQ0 is Din= HIGH. 


Key: X = Don't Care 
F = (False) EO-E3 pattern DOES NOT match PO-P3 pattern. 
T = (True) E0-E3 pattern DOES match PO-P3 pattern 


= Not related to identified mode of operation 
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ABSOLUTE MAXIMUM RATINGS 


[Symbor [Parameter TSCM Ut 
[Fo [Total devce Power Dispaton SSC SS SSC*SCW 


Note : Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device This is a stress rating 
only and functional operation of the device at these or any other condition above those indicated in the operation sections of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


DC ELECTRICAL CHARACTERISTICS (Ta = 0 to 70°C, Vcc = 5V +5%) 


Parameter 


in. 
[ee [Rroagerower Sippy Gurot | 
[cox [Rte Powe Sip Careri=@) | 
naan 
mane 


ON 
a 
[va [Love ooupaverage eurnany | |_| ea |v | #_ 


. All voltages referenced to GND. 

Inputs (PO-P3) require Vin min. = 4 5 volts and Vi. max. = 0.5 volts. 
Sampled, not 100% tested. Measured at 1 MHz. 

Measured at all data I/O's, CO and C1. 


Notes : 

1. Measured with outputs open. Vcc max. 

2 Measured with Vin = OV to Vcc. 

3 Measured at CDQ0, DQ1-DQ19, CO and C1 


NO af 


CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 


sf fe 
[6 [oupacapaciece | 
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AC TEST CONDITIONS 


MK4202 


Figure 5. Equivalent Output Load Circuits 


470 ohms 


240 ohms 


VRO01038 


READ MODE 


The MK4202 is in the Read mode whenever W is 
HIGH, and G is LOW provided Chip Select (S) is 

LOW and a true Chip Enable pattern (E0-E3) is 
applied. The 11 address inputs (AO-A10) define a 
unique index address giving access to 20 of 40,960 
bits of data in the static memory array. Valid data 
will be present at the 20 output pins within tavav of 
the last stable address provided Chip Enable, Chip 


Input and Output Timing Reference Level ae 


240 ohms 


VRO01037 


Select (S), and Output Enable (G) access times 
have been met. If Chip Enable, S, or G access 
times are not met, data access will be measured 
from the latter falling edge or limiting parameter 
(tevav, tsLav, or tatav). The state of the tag data 
I/O pins is controlled by the (E0-E3), S, G, and W 
input pins. The data lines may be indeterminate at 
tevax, Or tsLax, or taLax, but will always have valid 
data at tavav. 


{7 SGS-THOMSON M19 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Read Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V + 5%) 


ncn 
Socal iacabaGas 


Pow [eo feeetine | | 
so 
[ox [ten [AatessOupanoetine 7] |e | [e] [=| _ 
Pocor [ta [CiperabeAcasting | | @| [| [*|[«] 
[ex [eae [Cipeabie oupuowtne | @ | | * | [*] [=] 
Peo | tz [CiperavetrUELwe | #] | * > |e] |=] 
[race [we [Ciperaveraisconez | |e] [e{ [|] 
Piso [x [Ompsemarcasetine | [| pe [ef | 
Pasox [soe [OtipSoesiOumawowtine 2] fe} [2] |=] 
Piso [ioe [Ornseetoiwz | .s{ |e] [=| 
[see [tow [Oipseeciowiene? | | *| f*, [*[=| 
Peso [tex [Oupsterabenconstme | [| |e] [*|[=] 
Pox [on [Ouputerave Oupurrowtne 2 | [et [2] |=] 
Pax [ter [Oupitraveoimz | 2] |e} [2] |=] 
Per [iow [Oupatravewnnz | | s| [®, felts] 


Figure 6. Read Cycle 


ADDRESS 


tEVQV 
tEVQX 


(Kata out jt) 


VRO001038 
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Figure 7. Address Read Cycle 


ADDRESS VALID ADDRESS 


tAVQV — Laer 


PEEP DE SOE SES). SULT ee 6 Cee eee. 


VRO01039 


TRUE CHIP ENABLE PATTERN 


({f pata our })) 


VRO01040 


Figure 9. Chip Select Read Cycle 


(CA ATA ouT 77) 


VRO01041 


Figure 10. Output Enable Read Cycle 


(Ch bata out jt); 


VRO01042 
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WRITE MODE 
The MK4202 is in the Write mode whenever W is 


LOW provided Chip Select (S) is LOW and a true 
Chip Enable pattern (E0-E3) is applied (G may be 
in either logic state). Addresses must be held valid 
throughout a write cycle, with either W or S inactive 
HIGH during address transitions. W may fall with 


stable addresses, but must remain valid for twLwu. 


Since the write begins with the concurrence of W 
and S, should W become active first, then tstsH 
must be satisfied. Either W or S can terminate the 
write cycle, therefore tovwu or tovsH must be satis- 
fied before the earlier rising edge, and twHpx or 
tsHpx after the earlier rising edge. If the outputs are 
active with G and S asserted LOW and with true 
Chip Enable, then W will return the outputs to high 


impedance within twiaz of its falling edge. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Write Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V + 5%) 


-17 
act Parameter 


Cycle Time 
Address Set-up Time to W LOW 
Address Hold Time from W HIGH 


Address Set-up Time from S LOW 


Address Hold Time from S HIGH 


Chip Enable Set-up Time to W LOW 


Chip Enable Hold Time from W 
HIGH 


Chip Enable Set-up Time to S LOW 


ALT 
tc 


Patt — — peat @ Ae) 
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Figure 11. W Write Cycle 


aanaaEes tAVAV —_ 
ADDRESS 


‘ VALID ADDRESS 


a tAVWL 


E—E, TRUE CHIP ENABLE PATTERN ~ 


tEVWL tWHEX 
tWLWH 


Ww 


ALLL] 


! tWLQZ tDVWH 


DATA IN 
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Figure 12. S Write Cycle 


ADDRESS VALID ADDRESS 


tAVSL - 


TRUE CHIP ENABLE PATTERN 


tEVSL 


ALLL/ 


tDVSH 


DATA IN 


VRO01044 
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COMPARE MODE 


The MK4202 is in the Compare mode whenever W 
and G are HIGH provided a true Chip Enable 
(EO-E3) pattern is applied. Chip Select (S) is re- 
guarded as a don’t care since the user is not 
concerned with the data outputs, but only with the 
Compare (CO, C1) outputs. Mx and Hx must be 
HIGH, and CGO, CG1 active LOW to enable the 
Compare outputs for a valid compare hit or miss. 


The 11 index address inputs (A0-A10) define a 
unique location in the static RAM array. The data 
presented on the Data Inputs (DQ1-DQ19 and 
CDQ0) as Tag Data is compared to the internal 
RAM data as specified by the index. If all bits are 


equal (match) then a hit condition occurs (CO and 
C1 = HIGH). If at least one bit is not equal, then a 
miss occurs (CO and C1 = LOW). 


The Compare output will be valid tavcv from stable 
address, or tpvcv from valid tag data provided Chip 
Enable is true, and CGx is active LOW. Should the 
address be stable with valid tag data, and Chip 
Enable false, then compare access will be within 
tevcv from true Chip Enable. When executing a 
write-to-compare cycle (W = LOW, and:G = LOW 
or HIGH), CO and C1 will be valid twHcv or taHcv 
from the latter rising edge of W or G respectively. 
Finally, when gating the Cx output in the compare 
mode with CGx, the compare output will be valid 
tcat-cv from the falling edge of CGx. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Compare Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V + 5%) 


Sea 


tCGH-CZ 


Parameter 


tavev a= Compare Access Time 


Address Compare Output Hold 
taxcx | tacoH Tine 


wor [ woz [ETwetoConpatowz | 
cz [eae [CERNGHCorpacienz | __ 


a 
N 


— — 
(o>) - 
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Figure 12. Summary Compare Cycle 


tAVAV 


ADDRESS ~ VALID ADDRESS \ 


tCGL-CX 
| 


(CK _Hit/miss vaio }) ) 


VROO1045 


Notes : 
1. Wand Gare both assumed to be HIGH. 
2. Hx and Mx are both assumed to be HIGH. 


Figure 13. Compare Cycle 


ADDRESS VALID ADDRESS VALID ADDRESS 


tAVCV 


DATA IN DATA IN 


tDVCV 


tDXCX 


HIT/MISS VALID : HIT/MISS VALID 


VRO01046 


Notes : 
1. Wand G are both HIGH, CGx is LOW anda true Chip Enable pattern is present. 
2. Hx and Mx are both assumed to be HIGH. 
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RESET MODE 


The MK4202 allows an asynchronous reset when- 
ever RS is LOW regardless of the logic state on the 
other input pins. Reset clears all internal RAM bits 
in CDQO (2048 bits) to a logic zero. This output can 
be used as a valid tag bit to insure a valid compare 
miss or hit . It should be noted that a valid write 
cycle is not allowed during a reset cycle (W = LOW, 


S =LOW, RS = LOW, and Chip Enable is true). The 
state of the data outputs is determined by the input 
control logic pins : Chip Enable, S, G, and W (see 
truth table). Should a reset occur during a valid 
compare cycle, and the CDQo valid tag bit is set to 
a logic "1", then Cx will go LOW at trst-cL from the 
falling edge of RS. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Reset Cycle Timing) (0°C < Ta < 70°C; Voc = 5V + 5%) 


Symbol 
Reset pulse Width 


RS LOW to Compare Output 
tRSL-CL tRSCL LOW 


Address Recovery Time 
Chip Enable Recovery Time 


FORCE HIT AND FORCE MISS 

The MK4202 can force either a miss or hit condition 
on the CO and C1 outputs by asserting MO, M1 or 
HO, H1 LOW. A Force Miss overrides a Force Hit 
condition and is not dependent upon Compare 


-17 
Parameter 
ie ce 


NM | MO 
ye) 
oO 


Output Enables (CGx) (see truth table). The CO and 
C1 outputs will go HIGH within tuicu from the falling 
edge of HO, H1 or CO and C1_will go LOW within 
tmic_ from the falling edge of MO, M1. All MO, M1 
and HO, H1 inputs must be HIGH during a valid 
compare cycle. 


ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Force Hit or Miss Cycle Timing) (0°C < Ta < 70°C; Vcc = 5V + 10%) 


Force Miss to CGx Don’t Care 
' Force Miss to CGx 
MR | Recognized 


tMLHX Force Miss to Hx Don’t Care 


IST SGS-THOMSON 


e MICROELECTRONICS 
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Figure 14. Reset Cycle 


WRITE 
tAVAV 


ADDRESS VALID ADDRESS 


tAVSL tSHAX 
tAVWL tWHAX 


TRUE CHIP ENABLE PATTERN 


tRSL—AV 


tRSL—RSH 


tRSH—AV. il 


tDVWH 


DATA IN 


VROO1047 


Note : Reset during an active write cycle is not allowed. A write cycle may disrupt Reset, but will not damage devcie. 


Figure 15. Valid Compare - Reset 


tRSL-RSH 


tRSL-CL 


VALID COMPARE 


VRO01048 


Note : CDQO is presumed to be HIGH. 


. 0 
tT rca lt ested 
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Figure 16. Force Hit Force Miss 


CLI LLLLLLLILLLL 


tML—CGX 


tMH—CGH 


tMHCZ 


VALID HIT VALID MISS 


VRO01049 


Figure 17. Late Write - Hit Cycle 


TRUE CHIP ENABLE PATTERN 
tEVCV tEXCZ 


tEVCX tEXCX 


tCGH—CZ 


tCGH—CxX 


LLL RAY 


VROO1068 


Note: Gis HIGH and a Valid Address ts present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 18. Compare - Write Hit - Compare Cycle 


tWLCH tWHCV = 


tWLCX tWHCX 


VALID COMPARE --// /+ X\\\X COMPARE 


VROO1069 


Note: Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 


Figure 19. Late Read - Hit Cycle 


TRUE CHIP ENABLE PATTERN 


tEVCV 


tEVCX 


tEXCZ 


tEXCX 


io + 


tCGH-CZ 


tCGH—CX 


LLL RAY 


VROO1070 


Note: Gis HIGH and a Valid Address is present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 
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Figure 20. Compare - Read Hit - Compare Cycle 


tGHCV a 


tGHCX 


VALID compaRE —--///F K\\AX COMPARE 


VROO1071 


Note: Wis HIGH anda Valid Address !s present, Hx and Mx are both assumed to be HIGH, with CGx LOW. 


Figure 21. Early Write - Hit Cycle 


tCGH-CZ 


VRO01072 


Note: Gis HIGH anda Valid Address is present, (EO - E3) = True. Hx and Mx are both assumed to be HIGH 


Figure 22. Early Read - Hit Cycle 


tCGH-CZ 


VR001073 


Note: Wis HIGH and a Valid Address is present, (EO - E3) = True. Hx and Mxare both assumed to be HIGH. 
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ORDERING INFORMATION 


Example: MK4202 Q 17 


Q PLCC68 17 17ns 
20 20ns 
25 25ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 


(7 SGS-THOMSON 19/19 
S/ A MICROELECTRONICS 
743 


IS ~ 946S-1HOMSON 
7, WICROELECTROMICS MK62486 


VERY FAST CMOS 32K x 9 CACHE BRAM 


ADVANCE DATA 
m 32K x 9 CMOS SYNCHRONOUS BURSTSRAM 
« FAST CYCLE TIMES: 25, 30ns 
» FAST ACCESS: 19, 24ns Max 
= ON-BOARD BURST COUNTER 
» INPUT REGISTERS (ADDR.,DATA,CTRL) 
» SELF-TIMED WRITE CYCLE 
n THREE STATE COMMON I/O 
HIGH OUTPUT DRIVE CAPABILITY 
= ASYNCHRONOUS OUTPUT ENABLE (G) 
= BURST CONTROL INPUTS: ADSP, ADSC, ADV 


=» DUAL CHIP SELECTS FOR EASY DEPTH 
EXPANSION 


PLCC44 (Q) 


Figure 1. Pin Connection 


PIN NAMES 


AO - A14 Address Inputs 
DQO - DQ8 Data Inputs/Outputs 


MK62486 


seen 
a 
78a secant 
ae 


February 1992 1/12 


This is advanced information on a new product now tn development or undergoing evaluation Details are subject to change without notice 


18 19 20 21 22 23 24 25 26 27 28 


MOMs COIN 9|A22 
Oz ju O 7 no <a 
QC!Ike FO aa a) 
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MK62486 
Figure 2. Block Diagram 


ADDRESS 
REGISTERS 


BINARY Qi 
COUNTER 


ENABLE 


Eke 


DESCRIPTION 


The MK62486 BRAM™ is a 288K (294,91 2-bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-Thomson’s low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis- 
ters, high output drive capability, and high speed 
synchronous SRAM onto a single chip. The syn-chron- 
ous design provides precise control using an exter- 
nal clock (K) input. The MK62486 is specifically 
adapted to provide a burstable, high performance 
secondary cache for the i486™ microprocessor. 


The MK62486 is available in a 44 pin plastic leaded 
chip-carrier (PLCC). The device provides multiple 
power and ground pins to reduce effects induced 
by output noise for high performance applications. 
Separate power and ground pins (Vccq and GNDa) 
have been employed for DQo-g to allow output 
levels referenced to 5 Volts or 3.3 Volts. The main 
Burst SRAM power requires a single 5V + 5% 
supply, and all inputs and outputs are TTL compat- 
ible. 


32K x 9 MEMORY ARRAY 


(294,912 BITS) 


INPUT 
REGISTER 


VRO01076 


DEVICE OPERATIONS 


Addresses (A0-A14), data inputs (DQ0-DQ8), and 
control signals, with exception of Output Enable 
(G), are clock controlled inputs through non-invert- 
ing, pos-itive edge triggered registers. A cache 
burst address sequence can be initiated by either 
ADSP (Address Status Processor) or ADSC (Ad- 
dress Sta-tus Cache Controller) inputs, with sub- 
sequent burst addresses being internally 
generated by the Burst SRAM. The ADV input 
(burst address advance) provides control of the 
burst sequence, which imitates the i486 cache 
burst address sequence. Once a cache burst cycle 
begins, the subsequent burst address is generated 
internally each time the ADV input is asserted at 
the rising edge of the clock (K) input. The burst 
counter operates in the same manner for either 
cache burst write or read cycles. 


The ADSP and the ADSC inputs control the start 
and the duration of the burst sequence respec- 
tively. Each time either address status input is 
asserted low, a new external base address is reg- 
istered on the positive going edge of the clock (kK). 
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ASYNCHRONOUS TRUTH TABLE BURST COUNT SEQUENCE 


a = 
1st Burst Address A14-A2 
saamanaees [eve] A 


Notes : Note : The burst count sequence wraps around to the initial address 
4. X=Don't Care. after a full count is completed. 


a 


<| «] TL 


2. For acache write cycle following a read operation, G must be 
high before the input data required set-up time, and be held high 
through the input data hold time. 


SYNCHRONOUS TRUTH TABLE 


eo |S [aoe] nose] mov | w [Kk [Atos | Opomion 
EAEICAE TERE EA eee 
tk EE a al 


Burst 
Write Cycle - Extend 
ED en 
Burst 
X X H H L L t | Advance Burst Address | Write Cycle - Continue 
Burst Sequence 
x X H H L H T | Advance Burst Address | Read Cycle - Continue 
Burst Sequence 
Hold Current Burst Write Cycle - Suspend 
Hold Current Burst Read Cycle - Suspend 


Notes : 

1. X=Don't Care. 

2. Allinputs except G require set-up and hold times to the rising edge (low to high transition) of the external clock (K). 
3. All read and write timings are referenced from G or K. 
4 


Aread cycle ts defined by W high or ADSP low for the required set-up and hold times. A write cycle is defined by W being asserted low 
for the set-up and hold times 


Gis a don't care when W is registered low from the previous rising clock edge. 


6 Chip Selects must be true (SO = high, S1 = low)_at each rising of the clock while ADSP or ADSC is asserted for the device to remain 
enabled; Chip Selects are registered whenever ADSP or ADSC is asserted low at the nsing edge of the clock. 
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ABSOLUTE MAXIMUM RATINGS 


pM Voltage on any Pin Relative to Ground —0.5to6 pov 
Ambient Operating Temperature 0 to 70 =m 


—65 to 150 


Notes : 


1. This is a stress rating only and functional operation of the device at these or any other conditions above those indicated 1n the operation 
sections of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect 
reliability. 


2. Output current absolute maximum rating is specified for one output at a time, not to exceed a duration of 1 second. 


RECOMMENDED DC OPERATING CONDITIONS 
(0 °C < Tas 470°C) 


ese 


Logic 1 All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Tas+70 °C; Voc = 5V + 5%) 


[moot [ Pane wh|| U | 

Average AC Power Supply Current (G = SO = Vin, S1 = ft Pom fg 
Vit). All inputs = Vit = OV and Vin 2 3V 

TTL Standby Current (SO = Vi, St = Vin) pf aot oma] 

[te [eWOSSiatycinonGo<oaNSiaver-aay | | | oa | # 

er [imttager voetere—aina | ee || 

Output Logic 0 Voltage (lo. = 8mA) pf ef ov ft 
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CAPACITANCE 
(Ta = 25 °C, f = 1MHz) 


Notes : 

1. All voltages referenced to GND. 6. All other inputs = Vcc — 0.2 or < GND +0.2, f = 0, Vcc max. 

2. Measured with GND < V < Vcc and outputs deselects. 7. Capacitances are sampled and not 100% tested. 

3. Output buffers are deselected. 8. For proper operation the RES input should be tied to ground. 
4. cc: measured as average AC current, with outputs open, 


Veco max, tkHkH Min duty cycle 100%. 
5. All other inputs at Vir or Vin, f = 0, Vec max. 


AC TEST CONDITIONS 


Figure 3. Equivalent Output Load Circuits 


DEVICE DEVICE 
UNDER UNDER 
TEST TEST 


255 ohms 255 ohms 


= (A) = (B) 


*~ INCLUDES SCOPE AND TEST JIG * INCLUDES SCOPE AND TEST JIG 
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READ/WRITE CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C < Ta < 70°C; Voc = 5V + 5%) 
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ar [eoscnerecnee t= | f=] p=] 
[aor [Omenewommaae || fe] fe [a 
[on [ooavinwontwimn t= | | * | fel 
wor [eomirwons | sf = | = pele 


—) _) 
wm 


=) 
” 


=) 
n 


n n n n ep) wn n ” 


3 
wn 


a 
:¢) 


tkHapvx | Address Advance Hold Time 
Chip Select 0 (SO) Hold Time 
Chip Select 1 (S1) Hold Time 


Notes : 
1. Measured with load as shown in Figure 3A. 


2. ne is measured + 500 mV from steady-stage voltage with load as shown in Figure 3B. This parameter is sampled and not 100 % 
ested. 


3. This is a synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for all rising 
edges of the clock input (K). 
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DEVICE OPERATIONS (Continued) 


When ADSP is asserted low, any ongoing burst 
cycle is interrupted, and a read operation (indepen- 
dent of W and ADSC) is performed at the new 
registered external base address. Anew burst cycle 
is initiated each time ADSP is asserted. By assert- 
ing ADSC low, the present burst cycle (initiated by 
ADSP) is interrupted and an extended burst read 
or write (depending upon the logic state of W at the 
rising edge of K) is performed at the new registered 
base address. Chip selects (SO and S1) are only 
sampled when a new base address is loaded. 
Therefore, the chip selects are registered when 
either address status input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either ADSP or 
ADSC. The MK62486 Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the MK62486 allows a 
non-burst mode of operation where ADSP is the 
ADS# of the i486 processor in a 2-2 cycle mode of 
operation, and ADSC is held high during T2 (see 
Figure 4). However, the non-burst mode obviously 
negates the advantage of the internal burst counter 
for fast cache fill operations. In either mode (burst 
or non-burst), the write cycles are internally self- 


MK62486 


timed, and are initiated by the rising edge of the 
clock input. Self-timed write cycles eliminate com- 
plex off-chip write pulse generation providing more 
flexibility for incoming signals. 


The ADV input controls subsequent burst data 
accesses after the first data of the burst cycle is 
processed. Each time ADV is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
before the operation. Wait states can be inserted 
during burst cycles by holding the ADV pin high 
during positive clock transitions. Upon completion 
of the full internal burst count, the address will 
wrap-around to its initial base address 


GENERAL APPLICATION 


The MK62486 is organized using the ninth bit as 
the parity bit to support byte parity. Since the i486 
processor provides on-board parity generation and 
checking, the ninth bit of the cache Burst SRAM 
can be passed to one of the DPO-DP3 pins of the 
microprocessor. Thus the MK62486 provides an 
architecture for building a 32K x 32-bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 


Figure 4. General 128K Byte Cache Block Diagram 
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Figure 5. Non-Burst Read/Write 2-2 Cycles 
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Figure 6. Burst Read Cycle 
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Figure 7. Burst Write Cycle 


T1 T2 T2 T2 T2 T2 
Begin Burst Extend Burst Suspend Burst Extend Burst 
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Figure 8. Combined Burst Read/Write Cycle 


T1 T2 T2 T2 
Begin Burst Suspend Burst 


tWVKH tKHWX 


WELT A 


t ADVVKH 
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address wrap around 
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Notes: SO = high, $1 = low. BWRK486 
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ORDERING INFORMATION 


Example: MK62486 Q 19 


Q PLCC44 19 19ns at 40MHz 
24 24ns at 33MHz 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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MK62940 


VERY FAST CMOS 32K x 9 CACHE BRAM 


= 32K x 9 CMOS SYNCHRONOUS BURST SRAM 
s FAST CYCLE TIMES: 25, 30ns 

a FAST ACCESS: 19, 24ns Max 

» ON-BOARD BURST COUNTER 

= INPUT REGISTERS (ADDR.,DATA,CTRL) 

« SELF-TIMED WRITE CYCLE 

= THREE STATE COMMON I/O 

» LATE WRITE ABORT FEATURE 

» ASYNCHRONOUS OUTPUT ENABLE (G) 

= BURST CONTROL INPUTS: TSP, TSC, BAA 


=» DUAL CHIP SELECTS FOR EASY DEPTH 
EXPANSION 


PIN NAMES 


Co 
Ls 
[sehen corn 
[S| eres rciotow 


= 


February 1992 


ADVANCE DATA 


PLOC44 


Figure 1. Pin Connection 


MK62940 


20 21 22 23 24 25 26 
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Figure 2. Block Diagram 
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DESCRIPTION 


The MK62940 BRAM™ is a 288K (294,912-bit) 
CMOS Burst SRAM, organized as 32,768 words x 
9 bits. It is fabricated using SGS-THOMSON’s low 
power, high performance, CMOS technology. The 
device integrates a 2-bit burst counter, input regis- 
ters, high output drive capability, and high speed 
synchronous SRAM onto a single chip. The synchro- 
nous design provides precise control using an exter- 
nal clock (K) input. The MK62940 is specifically 
adapted to provide a burstable, high performance 
secondary cache for the MC68040 microprocessor. 


The MK62940 is available in a 44 pin plastic leaded 
chip-carrier (PLCC). The device is pin compatible 
and functional equivalent to the Motorola 
MCM62940, but employs a single power supply 
design. The main Burst SRAM power (Vcc) re- 
quires a single 5V + 10% supply, and all inputs and 
outputs are TTL compatible. 


DEVICE OPERATION 
Addresses (A0-A14), data inputs (DQ0-DQ§8), and 


32K x 9 MEMORY ARRAY 


(294,912 BITS) 


INPUT 
REGISTER 
[> 


ea 


a VRO01075 


control signals, with exception of Output Enable (G) 
are clock controlled inputs through non-inverting, 
positive edge triggered registers. A cache burst 
address sequence can be initiated by either TSP 
(Transfer Start Processor) or TSC (Transfer Start 
Cache Controller) inputs, with subsequent burst 
addresses being internally generated by the Burst 
SRAM. The BAA input (Burst Address Advance) 
provides control of the burst sequence, which imi- 
tates the required MC68040 cache burst address 
sequence. A cache burst cycle begins by loading 
the internal counter with the present values of A1 
and AO. Thereafter, subsequent burst addresses 
are generated internally. The burst counter oper- 
ates in the same manner for either cache burst 
write or read cycles. 


The TSP and the TSC inputs control the start of the 
burst sequence. When either TSx is asserted low 
at the rising edge of the clock, any ongoing burst 
cycle is interrupted and a new external base ad- 


dress is registered. Chip selects (SO and $1) are 
only sampled when anew base address is loaded. 
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ASYNCHRONOUS TRUTH TABLE 


pe ai eerie 
Note : 
1. X = Don't Care. 


2. Fora cache write cycle following a read operation, G must be high 
before the input data required set-up time, and be held high through 
the input data hold time. 


SYNCHRONOUS TRUTH TABLE 


Notes: 
1. X= Don't Care. 


External Base Address ae Cycle - Begin 
urst 


External Base Address | Read Cycle - Extend 
Burst 
X X H H L L ? | Advance Burst Address | Write Cycle - Continue 
Burst Sequence 
X X H H L H t | Advance Burst Address | Reade Cycle - Continue 
Burst Sequence 
Hold Current Burst 
Hold Current Burst Read Cycle - Suspend 


MK62940 


BURST COUNT SEQUENCE 
0,0 
1 i, ¢ 
Lane 


Note : The external values for A1, AO are the starting point for the 
burst sequence graph. The burst counter will internally advance A1 


and AO as shown After the counter reaches a full count from the 
initial value, the address will wrap around. 


A1, AO = 


Write Cycle - Extend 
External Base Address 


Write Cycle - Suspend 
Burst Sequence 


All inputs except G require set-up and hold times to the nsing edge (low to high transition) of the external clock (K). 


2 
3 Allread and write timings are referenced from G or K. 
4 


Aread cycle is defined by W high or TSP low for the required set-up and hold times. A write cycle is defined by W being asserted low for 


the set-up and hold times. 


on 


G is a don't care when Wis registered low from the previous rising clock edge. 


6. Chip Selects must be true (SO = high, S1 = low) at each rising of the clock while TSP or TSC ts asserted for the device to remain enable; 
Chip Selects are registered whenever TSP or TSC is asserted low at the rising edge of the clock. 


7. Chip Selects must be true (SO = high, S1 = low) _at each rising of the clock while TSP or TSC is asserted for the the device to remain 
enabled; Chip Selects are registered whenever TSP or TSC ts asserted low at the rising edge of the clock. 
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ABSOLUTE MAXIMUM RATINGS 


Parameter 


(ee [rovrtaseoin 


Note : This ts a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this specification 1s not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability 


RECOMMENDED DC OPERATING CONDITIONS 
(O°C < Ta < +70°C) 


Ground 


Note : 1. All voltages referenced to GND. 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C, Vcc = 5V + 5%) 


Average AC Power Supply Current (G = SO = Vin, S1 = = 

Vit). All inputs = Vit = OV and Vin = 3V 
a [ese coen So-s-ve) +f  | 
er | es nce oar. ST=vee—cay |_|» | mm | # 


[ver [euntaae vate temsmamay me | PY 
Output Logic 0 Voltage (lo. = 8mA) ae tee ew 
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CAPACITANCE 
(Ta = 25°C, f = 1.0MHZz) 


Notes : 

1 All voltages referenced to GND. 

2 Measured with GND < V < Vcc and outputs deselects. 
3. Output buffers are deselected. 
4 


loc: Measured as average AC current, with outputs open, 
Voc max, tkHKH (min) duty cycle 100% 


All other inputs at Vit or Vin, f = 0, Voc max. 

All other inputs = Vcc — 0.2 or s GND +0.2, f = 0, Vcc max 
Capacitances are sampled and not 100% tested. 

For proper operation RES must be tied low. 


ONAN 


AC TEST CONDITIONS 


Ambient Temperature 0 to 70 


Figure 3. Equivalent Output Load Circuits 


DEVICE DEVICE 


UNDER UNDER 
TEST TEST 


255 ohms 
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Note: * INCLUDES SCOPE AND TEST JIG 
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DEVICE OPERATIONS (Continued) 


Therefore, the chip selects are registered when 
either transfer start input is asserted low at the 
rising edge of the clock (K), and remain latched 
internally until the next assertion of either TSP or 
TSC. The MK62940 Truth Tables and timing dia- 
grams reference specific device operations. 


It should be noted that the MK62940 allows a 
non-burst mode of operation where TSP is the TS 
pin of the MC68040 processor in a typical 2 clock 
cycle mode of operation, and TSC is held high 
during C2 (see Figure 5). However, the non-burst 
mode obviously negates the advantage of the 
internal burst counter for fast cache fill operations. 
In either mode (burst or non-burst), the write cycles 
are internally self-timed, and are initiated by the 
rising edge of the clock input when W is low. 


The BAA input controls subsequent burst data 
accesses after the first data of the burst cycle is 


processed. Each time BAA is asserted low for 
subsequent bursts at the rising edge of the clock 
input, the burst counter is advanced to the next 
burst address sequence. The address is advanced 
from the rising edge of K. Wait states can be 
inserted during burst cycles by holding the BAA pin 
high during positive clock transitions. Upon com- 
pletion of the full internal burst count, the address 
will wrap-around to its initial base address. 


GENERAL APPLICATION 


The MK62940 is organized as 32K x 9 bit words to 
support byte parity. By incorporating TAGRAM™ 
with a 15 bit tag field and a 15 bit index address, a 
cache address scheme of 30 bits is monitiored. The 
TAGRAM in addtion to the MK62940 provides an 
architecture for building a 32K x 32-bit burstable 
data cache SRAM array, with byte parity, by using 
four devices in a 128K byte cache application. 


Figure 4. General 128K Byte Cache Block Diagram 
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MK62940 


READ/WRITE CYCLE TIMING - AC OPERATING CONDITIONS AND CHARACTERISTICS 
(0°C < Tas +70°C, Voc = 5V + 5%) 


[eee Si 

eee ee Pare 
Tine [eoarnracewan i] | = | 
Tin [eoatowrusewen ss] | | 
Teor [Omatmicacatne | | | * |= [+ 
Timor [eeareneoupaace | @ | |= | | = 
SN 
= 


tsovKH Chip Select 0 (SO) Set-up Time 


. 


Ne) 


: 


x) 


(ey) 


fp) 


tsivKH | Chip Select 1 (S1) Set-up Time 


tKHAX Address Hold Time [= 


ive) 


Chip Select 1 (S1) Hold Time 


Notes : 
1. Measured with load as shown tn Figure 3A. 


2. eneuen is measured + 500 mV from steady-stage voltage with load as shown in Figure 3B. This parameter is sampled and not 100 % 
tested. 


3. This is synchronous device requiring that all inputs must meet the specified set-up and hold times with stable logic levels for all rising 
edges of the clock input (K). 
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Figure 5. Typical Non-Burst Read/Write Cycles 
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Note : Typical Non-Burst Cycle. AW = Low 
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Figure 6. Burst Read Cycle 
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Figure 7. Burst Write Cycle 
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Figure 8. Combined Burst Read/Write Cycle 
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MK62940 
ORDERING INFORMATION 


Example: MK62940 Q 19 


Q PLCC44 19 19ns at 40MHz 
24 24ns at 33MHz 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CTI SGS-THOMSON MK4505M 
S/ if MICROELECTRONICS MK4505S 


VERY FAST CMOS 1K x 5 CLOCKED FIFO 


a» FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 

m 1024 x 5 ORGANIZATION 

a RISING EDGE TRIGGERED CLOCK INPUTS 

m SUPPORTS FREE-RUNNING 40% TO 60% 
DUTY CYCLE CLOCK INPUTS 20 

mu SEPARATE READ AND WRITE ENABLE IN- 
PUTS 

a BIPORT RAM ARCHITECTURE ALLOWS PSDIP20_ (N) PSDIP24 — (N) 
FULLY ASYNCHRONOUS AND SIMULTA- 
NEOUS READ/WRITE OPERATION 

un CASCADABLE TO ANY DEPTH WITH NO AD- 
DITIONAL LOGIC Figure 1. Pin Connections. 

=» WIDTH EXPANDABLE TO MORE THAN 40 
BITS WITH NO ADDITIONAL LOGIC 

» HALF FULL STATUS FLAG 

a FULL AND EMPTY FLAGS, ALMOST FULL, AL- 
MOST EMPTY, INPUT READY, OUTPUT 
VALID STATUS FLAGS (4505M) 


DESCRIPTION 


The MK4505 is a Very High Speed 1K x 5 Clocked 
FIFO memory. It achieves its high performance 
through the use of a pipelined architecture, a 1.2u full 
CMOS, single poly, double level metal process, and 
a memory array constructed using SGS- 
THOMSON’s 8 transistor BBPORT™ memory cell. 


The device is designed for use in applications where 
data is moving through a system on a square wave 
clock ; applications such as digitized video and 
audio, image processing, A-to-D and D-to-A conver- 
sions, high speed data links, Radar return sampling 
or data tracing. 


1 
MK4505M 
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PIN NAMES 


Data Outputs 
REt 
Reset (active low) 
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MK4505M - MK4505S 


Figure 2 . Block Diagram. 


WRITE 
WE, ADDRESS 


—_—> PRINTER 
(4505S) 


DESCRIPTION (Continued) 


The device is available in two versions; a Master, the 
MK4505M, and a Slave, the MK4505S. The Master 
provides all of the control signals necessary for re- 
liable, full speed, fully asynchronous width expan- 
sion and/or depth expansion. The Master also 
provides a full compliment of status flags, including 
Output Valid, Empty, Almost Empty, Half Full, Al- 
most Full, Full, and Input Ready. The Master cannot 
be written while Full or read while Empty. The Slave, 
in contrast, can be forced to write and/or read con- 
tinuously regardless of device status ; a feature use- 
ful in triggered data acquisitions, or for retransmit 
(repeat reading) applications. 


OUTPUT 


INPUT 
BUFFER} BUFFER 


IK x 5 
BIPORT ARRAY 


READ 
ADDRESS 


PRINTER 


(4505S) 


VR000356 


4505M only 


FFEF 
AF,AE 
DR,QV 


Full and Empty Flags (active low) 
Almost, Full, Almost Empty Flags 
Input Ready, Output Valid 


4505S only 
Write Enable Input 2 


Read Enable Input 2 (rising edge 
triggered 3 state control) 
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ASBOLUTE MAXIMUM RATINGS 


Pp Parameter | ate | Unit_ 
Ambient Storage Temperature (plastic) 
| Po | TotalDevice PowerDissipation | 


Note : Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This 
is a stress rating only and functional operation of the device at these or other conditions beyond those indicated in the 


operational section of this specification is not implied. Exposure to absolute maximum rating conditions for extended 
periods of time may affect reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C <Ta<+70°C) 


Voc | Suppyvoltage | |S 
| GND | Ground CP | 
| Vi | bogictinput | | oc to | Vt 

Vn | Logicoinpt Fs | 03 || to | tt 


Note : 1. All voltages referenced to GND. 


DC ELECTRICAL CHARACTERISTICS (0°C< Ta < +70°C; Vcc =5V +10%) 


Pol atic 

Min. | Typ. | Max | Min. | Typ. | Max | Min. | Typ. | Max | 

OF cl Ol Mad Md 
Current 

Symbol | Parameter |S Min. ~— | —sMax. =| Unit | Note | 

|__| _ImputLeakage Current | | tt 

| Iau | OutputLeakage Current | | tt | A 


Logic 1 Output Voltage (lour = —4 mA) ae ee ee es 
Logic 0 Output Voltage (lout = 8 mA) any 


Notes : 1. Measured with both ports operating at tcx Min, 50% duty cycle, outputs open, Vcc max Typical values reflect tck Min, outputs 
open, with Vcc = 5V, 25°C, with 50% duty cycle. 

Measured with V = OV to Vcc. 

Measured at QO — Q4, with QV = Low (4505M) ; after clocking with RE2 = Low (4505S). 

All voltages referenced to GND. 


me iy 


CAPACITANCE (Ta =25°C, f =1.0MHZz) 


Input Capacitance 
Output Capacitance Po uee st 
Output Capacitance 


Notes : 1. Sampled, not 100% tested. Measured at 1MHz._ = 
2. Measured at all data and flag outputs except EF and FF. 
3. Measured at EF and FF. 
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AC TEST CONDITIONS 


Transition Times 


Input and Output Timing Reference Levels 
Ambient Temperature 
Voc 


Figure 3. Output Load Circuits. 


DEVICE 
UNDER 


Note : * Includes scope and test fixture. 


READ AND HOLD OPERATIONS 


The device will perform a Read on the next rising 
edge of the Read Clock (CKR) whenever (see Fig- 
ure 4): 


- (4505S) RE1 and RE2 are high at the rising 
edge of the clock. 


. (4505M) RE1 and EF are high at the rising 
edge of the clock. 


Because the device only re-evaluates and updates 
the Empty Flag (EF) on the rising edge of CKR, the 
appearance of an active Empty Flag at valid flag ac- 
cess time, tFi1a, assures the user that the next rising 
edge of CKR will generate an inhibit condition. All Q 
outputs will be High Z at taz from the rising edge of 
CKR. EF is latched between subsequent read 
clocks. 


The device will perform a Hold Cycle (hold over pre- 
vious data) if RE1 is low at the rising edge of the 
clock (CKR). If EF (4505M) or RE2 (4505S) is low 
at the rising edge of the clock, then the outputs will 
go to High-Z. 


V 


DEVICE 
UNDER 


VR000401 


WRITE OPERATIONS 


The device will perform a Write on the next rising 
edge of the Write Clock (CKW) whenever (see Fig- 
ure 5): 


~ (4505S) WE1 and WE2 are high at the rising 
edge of the clock. 


_ (4505M) WE1 and FF are high at the rising 
edge of the clock. 


Because the device only re-evaluates and updates 
the Full Flag (FF) on the rising edge of CKW, the ap- 
pearance of an active Full Flag at valid flag access 
time, tr1a, assures the user that the next rising edge 
of CKW will generate a No-Op condition. FF is 
latched between subsequent write clocks. 
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MK4505M (Master) WRITE TRUTH TABLE 


ee 
X 
0 
1 
0 
1 


Don’t Care 
Don’t Care 
Don't Care 
Don’t Care 
Data in 


0 X 
1 0 
1 0 
1 1 
1 1 


? = Device Status is referenced to the “next state” logic conditions. 
The “next state” flag logic level is unknown due to the possible occurence of a read operation. 


MK4505M (Master) READ TRUTH TABLE 


Reset 


Inhibit 

Hold Previous Q 
Inhibit Hi Z 

Read é Data Out 


? = Device Status is referenced to the “next state” flag logic and Qourt conditions. 
The “next state” flag logic level is unknown due to the possible occurrence of a write operation. 


MK4505S eee WRITE TRUTH TABLE 


Don’t Care 
Don’t Care 
Don’t Care 
Don’t Care 
Data in 


Reset 

Inhibit 

Hold Previous Q 
Inhibit Hi Z 

Read Data Out 


| Rs | per | ez | 
0 
1 
1 
1 
1 
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RESET abled (WE1 = RE1 = LOW). All status flag outputs 


RS is an asynchronous master reset input. A Reset _ Will be valid tasa from the falling edge of RS, and all 
is required after power-up, before first write. Reset © data outputs will be high impedance trsaz from 


commences on the falling edge of RS irrespective the same falling edge. 

of the state of any other input or output. The user is After Reset, if no valid Read operations have been 
required to observe Reset Set Up Time (trss) only performed since Reset, the “previous data” that will 
if the device is enabled (see Figure 7). The tass Spe- be output when executing the first Hold cycle will be 
cification is a don’t care if the device remains dis- all zeros (see Figure 8). 


AC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc = 5V 10%) 


Parameter | 4505-25 | 4505-33 | 4505-50 _| baal 
tie Mex} Mint Mex | Min. 


| tox | Clock CycleTime | 25 | | 3 || 50 | ns | tT 
| tox | Clock High Time | to | tt | | to | ns | 

| tom | ClockLowTime | 10 | | 3 | | co Ts | 
| ts | SetUpTime tt | tt | te | ss | 
ce ae) HIM a a On, ON a ee | 


| ta | Output (Q) AccessTime | | 15 | | 20 | | 25 | ns | 1,2 | 
een en er ee ee Eee 
2 ee oe ae eee 
Le 1,2 


a 
ae 
oF 
tor | Clockto Outputs High: | 
tas, __| ResetFlagAccessTime | 
Reset to Outputs High-Z i 
|__te. | First Flag Cycle Latency | 25 


All AC Electrical Characteristics measured under conditions specified in “AC Test Conditions”. 
Measured w/40pf Output Load (Figure 3A). 

Measured w/5pf Output Load (Figure 3B). 

Need not be met unless device is Read and/or Write Enabled. 

Minimum first Write to first Read delay required to assure valid first Read. 

Minimum first Write to first Read Clock delay required to assure clearing the Empty Flag. 

Flag 1 = EF, FF, QV, DR. 

Flag 2 = AE, AF, HF. 


Notes: 


sl od Sree dd 
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Figure 4. Read Cycle Timing. 
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Xs QX“ 
RX = "WZ 
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0 LLL 


ae 


LL] | LLLP 


Note hi this particular dia si am the EF chan nges logic states presuming that a valid WRITE operation has occured prior to the 
ing edge of CKR a 


Figure 5. Write Cycle Timing. 
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Note oe this particular dia ma ae FF changes logic states presuming that a valid READ operation has occured prior to the 
ing edge of CKW a 
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Figure 6 . Hold Cycle Timing. 


Note :EF = HIGH (master) 
RE2 = HIGH (slave) 


Figure 7. Reset Cycle Timing. 


D ‘VALID DATA IN VALID DATA IN 
a ts ti 


ne lity, — 


oH 


t 
RS 


t 
RSS 
t 
———> 
i FIA et F1iA ——> 


ie LL ENS 


FHA 


Mldddllldey | Ww 
t Rid ie 


OH OH 


es.) 


Note : tass must be met if the device is read AND/OR write enabled (WE1, RE1 = High). 
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Figure 8. First Hold After Reset. 


t t 
1 INHIBIT INHIBIT FIRST HOLD 
AFTER RESET 


<——<—= tee —<$<- tre 


LTRRIVIUY 


SA 
XXX X oO OXxXXxO 


i a Pl, 


EF (4505M) 
OR 


RE, (4505S) 


Note : A valid write operation is presumed between t; and te. 


Figure 9. Almost Empty Flag Timing (4505M only). 


LAST READ BEFORE 
E 


WRITE 


vR000407 


Note : 1. This example does not show the hysterisis in the ALMOST FLAGS. 
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Figure 10. Almost Full, Half Full Flag Timing. 


LAST WRITE BEFORE HF OR AF 


DATA IN DATA IN 
t{ — 
s 
EZ / 
lh Gs 
t 


§ 


RE, (MASTER) 
RE, (SLAVE) 

n € FIRST READ SINCE 
Q | HF OR AF 


HOLD PREVIOUS 0 ( } FIRST READ SINCE 


HF OR AF 


VR000408 


Notes : 1. Q outputs in Master/Slave Width Expansion (RE2 = EF), or when using MK4505S Slave separately. 
2. Q outputs in Master-to-Master Depth Expansion (RE1 with EF = HIGH), or when using the MK4505M separately. 
3. This example does not show the hysterisis in the ALMOST FLAGS. 


Gating Gating Flag Flag Read Locations Write Locations 
Clock Operation Affected Transition Remaining to Empty Available to Full 


a 
a 
> 
> 
a 
a 
> 
N 
a 
a 
“ 
Se 


Notes : *. Flag definition to the respective operation and clock. 

1. Allexamples are given in reference to the flag transition point, in the direction shown, for the given clock edge and operation. 
The flag remains stable as long as the condition that set or cleared the flag exists in the device. 

2. The table describes the number of the cycles that can be performed, including the next rising edge. 

3. Remaining Read or Available Write locations at the flag transition point reflects the hysterisis inherent to the internal scheme 
that detects the flag status. 

4. Asynchronous or simultaneous dual port operations at the flag transition point may result in a false flag status. When this 
occurs, the flag is evaluated and updated on the subsequent clock. 
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Figure 11. Simultaneous Write/Read Timing (4505M only). 
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SIMULTANEOUS WRITE/READ TIMING 


The Empty Flag (EF) is guaranteed to clear (go 
HIGH) in response to the first rising edge of the read 
clock (CKR) to occur trrt (First Flag Latency) after 
a valid First Write (from the rising edge of CKW). 
Read clocks occurring less than tre. after a First 
Write may clear the EF, but are not guaranteed (see 
Figure 10). As always, reads attempted in conjunc- 
tion with an active Empty Flag are inhibited. There- 
fore, the next rising edge of CKR following trrt will 
produce the first valid read. This is the tert (First 
Read Latency) pa-rameter, and must be observed 
for proper system operation with the latched EF. 
Coming from an empty condition, the First Read op- 
eration should be accomplished by enabling RE1 no 
less than ts before the rising edge of CKR at tra. 
The Q outputs will present valid data ta from the ris- 
ing edge of CKR. 


When using the MK4505S (Slave) separately, the 
user must observe the tert (First Read Latency) 
parameter to ensure first-write-to-first-read valid 
data. Referring to Figure 12, the first rising edge of 
CKR to occur tert after a First Write clock will guar- 
antee valid data ta from the rising edge of CKR. 
Read operations attempted before trr- is satisfied 
may result in reading RAM locations not yet written. 
Careful observance of tert by the user is a must 
when using free running asynchronous read/write 
clocks on the MK4505S ; there is no automatic read 
and write protection circuitry in the Slave. 


It should also be noted that the MK4505M/S has an 
expected “fall-through delay time” described as First 
Write data presented to the FIFO and clocked out to 
the outside world. This can be calculated as : 


Before Read Clock 


ts + tFRL + ta (from Figure 11 or 12). Further occur- 
ring valid read clocks will present data to the Q out- 
puts ta from the rising edge of CKR. 


WIDTH AND DEPTH EXPANSION 


A single Master (MK4505M) is required for each 1K 
of depth configured. The number of Slaves that can 
be driven by a single Master is limited only by the ef- 
fects of adding extra load capacitance (Write and 
Read Enable Input Capacitance) onto the Input 
Ready (DR), Output Valid (QV), Full Flag (FF) and 
Empty Flag (EF) outputs. However, even 40 bits of 
width (8 devices) results in only 40pf of loading, 
which corresponds to the amount of load called out 
in the AC Test Conditions. Additional loading will 
slow the flags down, but as long as Enable Set Up 
time (ts) is met, slowing the flags has no negative 
consequences. 


DEPTH EXPANSION HANDSHAKE PROTO- 
COL 


The depth expansion handshake device connec- 
tions are shown in Figure 13. The expansion inter- 
face signals can be considered transparent to the 
user, as long as the expansion clock continues to 
run. The Output Ready (QV) flag, and the Data 
Ready (DR) flag logic descriptions are detailed in the 
following charts. Since the expansion clock is the 
read clock for the sending FIFO, as well as the write 
clock for the receiving FIFO, these two signals pre- 
vent data loss during depth expansion applications 
where the receiving bank (bank B, Figure 13) goes 
full simultaneously as the sending bank goes empty 
(bank A, Figure 13). 


Operation at CKR After Read Clock 
-RE1| EF | Q@v | Reads Remaining | av | Status 


Inhibit Empty 
Active 
Empty 


Active 


Read 


0 
Hold 0 
1 
Read 1 


Notes : 1. Whenever EF ts active low, further attempted read cycles are inhibited 
2. QV Is gated by RE1 such that the QV flag will be latched low tria from the rising edge of CKR when RE1 is low. The RE1 
input must meet the set-up time (ts) prior to the read clock edge QV does not logically allow or prevent a read operation. 
3. Whenever RE1 !s active high, QV will always follows the EF signal by one read clock cycle. 
4. This condition displays a typical read operation when remaining memory locations (prior to the read operation) are from 2 
to 1024. EF and QV continue to acknowledge that the FIFO has more data available. 
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Ienieapeaae at CKW After Write Clock 


Active 


Notes : 1. DRcan be low only when the MK4505M ts full or (full-1). Whenever the device goes full (FF = low), then DR will be latched 
low te1a from the same write clock edge (CKW) regardless of the logic state of the DR flag at the clock transition. Further 


attempted write operations are blocked since FF is low. 


2. If DR changes logic states after the write clock, then this example reflects the condition when the MK4505M has one (1) 
memory location available (full-1) DR will presume the opposite logic state of the previous cycle for subsequent write clocks 
if WE1 ts disabled (low) and one memory location Is available. Whenever the MK4505M goes full (FF = low), DR will be 
latched low in the same clock cycle. (This ts part of the Depth Expansion Protocol, and acts to notify the sending unit that 
space Is available.) The DR flag does not logically allow or prevent a write operation. 

3. If DR ts a logic 1 before and after the write clock, then this example signifies that the available memory locations tn the 
MK4505M are greater than or equal to 2, after the completed write operation. 

4. During a valid write cycle, the DR flag will go inactive low tr1a from the rising edge of CKw if the write counter ts (full-2) at 
the clock transition. This results ts a (full-1) condition. (Refer to notes 1 and 2.) 

5. This condition displays a typical write cycle, where available memory locations (prior to the write operation) are from 3 to 
1024. DR and FF continue to acknowledge that the FIFO is ready to accept more data. 


In summary, the QV flag follows the EF signal by one 
read clock cycle (in all instances) when RE‘1 is active 
high atthe rising edge of CKR. Whenever RE 1 is dis- 
abled (low), the QV flag will go low tFia from the ris- 
ing edge of CKR. Of course, the RE1 input must 
satisfy the set-up time (ts) prior to CKR. The QV flag 
does not enable or inhibit read operations. Read 
protection is provided by the EF signal. 


The DR flag will go low one cycle prior to a full con- 
dition (full-1), or DR will go high at (full-2) from the 
rising edge of CKW. However, if WE1 is disabled 
(low), and the device has one location available, 
then DR will toggle each subsequent write cycle until 
full. This way the device notifies the sending unit that 
at least one more byte of data can be accepted. 
When the device goes full, the DR flag will be latched 
low tF1a from the clock edge (during the same write 
cycle), regardless of its previous logic state. As with 
all valid write cycles, the WE1 input must satisfy the 
set-up time (ts) prior to CKW. The DR flag does not 
enable or inhibit write operations. Write protection is 
provided by the FF signal. 


WIDTH AND DEPTH EXPANSION 
EXAMPLES 


The width and depth expansion interface timing di- 
agrams (Figures 14 and 15) are in reference to the 
width and depth expansion schematic in Figure 13 


(For simplicity all clocks have the same frequency 
and transition rate). 


Example 1 - First Write Since Empty - Reading the 
timing diagram from the top left to bottom right, one 
can determine that figure 13 illustrates the effects of 
the first WRITE/READ cycles from an EMPTY array 
of FIFOs. Both of the EF pins are initially low (EFx, 
EF and RE2). As data is written into Bank A, the ex- 
pansion clock reads data from Bank A and writes it 
to Bank B, the interface EF (EF and RE2) and the 
external EF (EFx) go inactive (logic 1) while data is 
shifted through the FIFO array from Bank A through 
Bank B to the external output (QO - Q4). The EF logic 
goes valid (logic 0) once data is shifted out of its re- 
spective bank. 


Example 2 - First Read Since Full - Reading the tim- 
ing diagram from the bottom left to top right, one can 
determine that figure 15 illustrates the effects of the 
first READs from a FULL array of FIFOs. As data is 
read out of the system (QO - Q4), it allows Bank B 
to receive data (Qexp) shifted from Bank A. As Bank B 
shifts data out via QO - Q4, allowing Bank A to 
shift data into Bank B, both banks will show a 
cleared FF status (logic 1) on the expansion FF (FF 
and WE2) as well as the internal FF (FFx). When 
Bank A is no longer considered FULL, Data In from 
the system (DO - D4) is now written into Bank A. The 
FIFO array is again completely Full. 
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APPLICATION 


The MK4505 operates from a 5V supply. Itis compatible 
with all standard TTL families on all inputs and outputs. 
The device should share a solid ground plane with any 
other devices interfaced with it, particularly T TL devices. 
Additionally, because the outputs can drive rail-to-rail 
into high impedance loads, the MK4505 can also inter- 
face to 5V CMOS on all inputs and outputs. 


Since very high frequency current transients will be 
associated with the operation of the MK4505, power 
line inductance must be minimized on the circuit 
board power distribution network. Power and 
ground trace gridding or separate power planes can 
be employed to reduce line inductance. A high fre- 
quency decoupling capacitor should be placed next 


to each FIFO. The capacitor should be 0.ipF or 
larger. Also, a pull-up resistor in the range of 1KQ is 
recommended for the RESET input pin to improve 
proper operation. 


Though often times not thought of as such, the 
traces on a memory board are basically un- 
terminated, low impedance transmission lines. As 
such they are subject to signal reflections mani- 
fested as noise, undershoots and excessive ringing. 
Series termination in close proximity to the TTL driv- 
ers can improve driver/signal path impedance 
matching. While experimentation most often proves 
to be the only practical approach to selection of se- 
ries resistors, values in the range of 10Q to 33Q 
often prove most suitable. 
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Q,. DATA OUT, BANK A 
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Q,- DATA OUT,BANK B 
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INTERFACE 


A 
EXPANSION CLOCK 
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READ CLOCK 
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Figure 14. Example 1 - Width and Depth Expansion Interface Timing. 
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NEXT OPERATION BANK A_ tg ty to t3 ty 6 7 8 
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EXPANSION CLOCK 5 cane : on : 7 77 


i za mart 


tS a a= Pat 
READ CLOCK - ' " aa ae 


RG OPERATION INHIBIT INHIBIT INHIBIT WRITE WRITE WRITE READ READ INHIBIT EMPTY 
ANK B DATA1 DATA2 DATA3 DATA2 DATAS (EMPTY) 
(EMPTY) 
READ DATA 1 
vR000412 


Note : *. Example begins with both banks empty, as status flags indicate. 
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Figure 15. Example 2 - Width and Depth Expansion Interface Timing. 
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ORDERING INFORMATION 


Example: MK4505M N_ 25 


tL 


N PSDIP20 25 25ns 
and/or 

PSDIP24 33 33ns 

50 50ns 


In a System using both M4505M and M4505S, parts should be ordered individually. 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or 
the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 512 x 9 BIPORT FIFO 


# FIRST-IN, FIRST-OUT MEMORY BASED 
ARCHITECTURE 


» FLEXIBLE 512 x 9 ORGANIZATION 
» LOW POWER HCMOS TECHNOLOGY 


# ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 


» BIDIRECTIONAL APPLICATIONS 


. FULLY EXPANDABLE BY WORD WIDTH OR Soins Ui PLCC32 (kK) 


=» EMPTY AND FULL WARNING FLAGS 
=» RETRANSMIT CAPABILITY 
HIGH PERFORMANCE 


1 


Figure 1. Pin Connections 


DESCRIPTION 


The MK4501 is a BIPORT™ FIFO memory, which 
utilizes special two-port cell tech- niques. Specifi- 
cally, this device implements a First-In, First-Out 
algorithm, featuring asynchronous read/write oper- 
ations, full and empty flags, and unlimited expan- 
sion capability in both word size and depth. The 
main application of the MK4501 is as a rate buffer, 
sourcing and absorbing data at different rates, 
(e.g., interfacing fast processors and slow periph- 
erals). The full and empty flags are provided to 
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Figure 2. Block Diagram 
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INTRODUCTION (Continued) 


prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini- 
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4501 employs a memory-based architecture 
wherein a byte written into the device does not 
“ripple-through”. Instead, a byte written into the 
MK4501 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired. 


Twin address pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 


VROO0387 


Address pointers automatically loop back to ad- 
dress zero after reaching address 511. The 
empty/full status of the FIFO is therefore a function 
of the distance between the pointers, not of their 
absolute location. As long as the pointers do not 
catch one another, the FIFO can be written and 
read continuously without ever becoming full or 
empty. 

Resetting the FIFO simply resets the address poin- 
ters to address zero. Pulsing retransmit resets the 
read address pointer without affecting the write 
address pointer. 

With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading the indi-vid- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple-through delays. The 4501 allows 
implementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4501 allows connecting the read, write, data in, 
and data out lines of the MK4501s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins 
as appropriate (see the Expansion Timing section 
for a more complete discussion). 
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RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < +70°C) 


rsymint [Paneer || We | Mos | Unt | es 
vee [Serine ts fs fm | 
a 


Symbol | _Pornesr | tn. | Tym | Mz _Un | Woe 
ee ee ee ee 
Sui ees Ce es ee eS 


Output Logic 1 Voltage (lout = —1mA) 


—s Output Logic 0 Voltage (lout = 4mA) can 


<= Standby Current 

oe = RS = FURT = Vin) 

Power Down Current 
oe (all Inputs > Vec — 0.2V) 


CAPACITANCE (Ta = 25°C, f = 1.0MHz) 


Symbol Parameter 


fee Capacitance on Input Pins A oe 


Notes: 
1. Pulse widths of less than minimum values are not valid. 


5 Measured with 0.4V < Vin $ Voc. 
2. Measured using output load shown in figure Output Load Circuit. 6. BV, 0.4V > Vour< Vee. 
3. All voltages are referenced to ground. 
7. cc measurements are made with outputs open 
4. 1.5 volt negativeundershoots are allowed for 10ns, once 
per cycle. 8. With output buffer deselected. 
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ABSOLUTE MAXIMUM RATINGS 


Note : Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these, or any other conditions above those indicated in the operational sections of this specification, 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device reliability. 


AC TEST CONDITIONS 
Input Levels GND to 3V 
Transition Times 5ns 
Input Signal Timing 15V 
Reference Level 
Output Signal Timing 0.8V and 2.2V 
Reference Level 
Ambient Temperature 0°C to 70°C 
Voc 5V+10% 


READ MODE 


The MK4501 initiates a Read Cycle (see Figure 4a) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not set. In the 
Read mode of operation, the MK4501 provides a 
fast access to data from 9 of 4608 locations in the 
Static storage array. The data is accessed on a 
FIFO basis independent of any ongoing WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
Read operation. 

In the event that all data has been read from the 


Figure 3. Equivalent Output Load Circuit 


11K ohms 


680 ohms 
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FIFO, the EF will go low, and further Read oper- 
ations will be inhibited (the data outputs will remain 
in high impedance). EF will go high twer after 
completion of a valid Write operation. EF will again 
go low trer from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been completed (see figure 4B). Reads beginning 
teFR after EF goes high are valid. Reads begun 
after EF goes low and more than trpi before EF 
goes high are invalid (ignored). Reads beginning 
less than tapi before EF goes high and less than 
teFR later may or may not occur (be valid) depend- 
ing on internal flag status. 
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AC ELECTRICAL CHARACTERISTICS (0°C < Tas +70°C; Vcc = +5V + 10%) 


Symbol Parameter 
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Figure 4A. Read and Empty Flag Waveforms 
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WRITE MODE 


The MK4501 initiates a Write Cycle (see Figure 4B) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not set. Data 
set-up and hold-time requirements must be satis- 
fied with respect to the rising edge of W. The data 
is stored sequentially and independent of any on- 
going Read operations. FF is asserted during the 
last valid write as the MK4501 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trrr after completion of a valid READ 


operation. FF will again go low twer from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 4A). Writes beginning trrw after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twp before FF goes high are invalid 
(ignored). Writes beginning less than twe: before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on internal flag 
Status. 


AC ELECTRICAL CHARACTERISTICS (0°C < Ta < +70°C; Vcc = +5V + 10%) 


Parameter 


Symbol 


Write Cycle Time 
Write Pulse Width 
Write Recovery Time 
Data Set Up Time 
{DH 
FFW 
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Figure 5B. Write/Read to Empty Flag Waveforms 
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Figure 5B. Read/Write to Full Flag Waveforms 
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RESET 


The MK4501 is reset (see Figure 6) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 


Although neither W or R need be high when RS 
goes low, both W and R must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 


the first location. Reset is required after power up, 
before a Write operation can begin. 


AC ELECTRICAL CHARACTERISTICS (0°C < Ta< +70°C; Vcc = +5V + 10%) 
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Figure 6. Reset Waveforms 
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Note : EF and FF may change status during Reset, but flags will be valid at trsc. 
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RETRANSMIT 


The MK4501 can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low. (See Figure 7). 


A Retransmit operation sets the internal read 
pointer to the first physical location in the array, but 


Figure 7. Retransmit Waveforms 
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will not affect the position of the write pointer. R 
must be inactive trrs before RT goes high, and 
must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than 512 Writes are performed be- 
tween Resets. The Retransmit feature is not com- 
patible with Depth Expansion. 
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Note : EF and FF may change status during Retransmit, but flags will be valid at tatc. 


AC ELECTRICAL CHARACTERISTICS (0°C < Ta< +70°C; Voc = +5V + 10%) 


Symbol Parameter 


taro | Retransmit | Retransmit Cycle Time Time | 80 | too} 
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SINGLE DEVICE CONFIGURATION 


A single MK4501 may be used when application 
requirements are for 512 words or less. The 
MK4501 is placed in Single Device Configuration 
mode when the chip is Reset with the Expansion 
In pin (XI) grounded (see Figure 8). 


Figure 8. A Single 512 x 9 FIFO Configuration 
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DATA IN 


FULL FLAG (FF) 


EXPANSION IN (XI!) 


WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 9 demonstrates an 
18-bit word width by using two MK4501s. Any word 
width can be attained by adding additional 
MK4501s. 


DATA OUT 
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Figure 9. A 512 x 18 FIFO Configuration (Width Expansion) 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 


Do not connect flag output signals together. 
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DEPTH EXPANSION (Daisy Chain) 


The MK4501 can easily be adapted to applications 
when the requirements are for greater than 512 
words. Figure 10 demonstrates Depth Expansion 
using three MK4501s. Any depth can be attained 
by adding additional MK4501s. 


External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


MK4501 


The MK4501 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not valid in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. 


Figure 10. A 1536 x 9 FIFO Configuration (depth expansion) 
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EXPANSION TIMING 


Figures 11 and 12 illustrate the timing of the Expan- 
sion Out and Expansion In signals. Discussion of 
Expansion Out/Expansion In timing is provided to 
clarify how Depth Expansion works. In as much as 
Expansion Out pins are generally connected only 
to Expansion In pins, the user need not be con- 
cerned with actual timing in a normal Depth Ex- 
panded application unless extreme propagation 


Figure 11. Expansion Out Timing Waveforms 


WRITE TO 


LAST PHYSICAL 
LOCATION 


delays exist between the XO/XI pin pairs. 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txoL and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


READ FROM 
LAST PHYSICAL 
LOCATION 
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AC ELECTRICAL CHARACTERISTICS (0°C < Ta< +70°C; Vcc = +5V + 10%) 
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When in Depth Expansion mode, a given MK4501 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4501 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. It will not begin reading until a second 


Figure 12. Expansion In Timing Waveforms 
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Expansion In pulse occurs and the Empty Flag has 
gone high. Expansion In pulses must occur txis 
before the WRITE and READ signals they are 
intended to enable. Minimum Expansion In pulse 
width, tx1, and recovery time, txin, must be ob- 
served. 


READ FROM 
FIRST PHYSICAL 
LOCATION 
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AC ELECTRICAL eg cx < Tas +70°C; Voc = +5V + 10%) 


Symbol Parameter 


Expansion in Pulse 
Expansion In 
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COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 13). 


BIDIRECTIONAL APPLICATIONS 


Applications, which require data buffering between 
two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK4501s, as shown in Figure 14. Care must be 
taken to ensure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 


Figure 13. Compound FIFO Expansion Configuration 
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DEPTH EXPANSION 


Notes: 
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DEPTH EXPANSION 
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DEPTH EXPANSION 
BLOCK 
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1. For depth expansion block see DEPTH EXPANSION Section and Figure 10. 


2. For Flag operation see WIDTH EXPANSION Section and Figure 9. 


Figure 14. Bidirectional FIFO Application 
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MK4501 
ORDERING INFORMATION 


Example: MK4501 N 65 


65 


N PDIP28 65ns 
K PLOC32 80 80ns 
10 100ns 
12 120ns 
15 150ns 
20 200ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or to the 
current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 


{&7 SGS-THOMSON 15/15 
S/ A MICROELECTRONICS 


803 


haz, SGS:THOMSON 
\/ Avie orleensonmes MK4503 


CMOS 2K x 9 BIPORT FIFO 


= FIRST-IN, FIRST-OUT MEMORY BASED 

ARCHITECTURE 
=» FLEXIBLE 2048 x 9 ORGANIZATION 
=» LOW POWER HCMOS TECHNOLOGY 
=» ASYNCHRONOUS AND SIMULTANEOUS 

READ/WRITE 
= BI-DIRECTIONAL APPLICATIONS 28 
=» FULLY EXPANDABLE BY WORD WIDTH OR 
DEPTH 1 
EMPTY AND FULL WARNING FLAGS 

PDIP28 (N) 

RETRANSMIT CAPABILITY 
= HIGH PERFORMANCE 


= HALF FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK4503 is a BIPORT™ FIFO memory, which 
utilizes special two-port cell techniques. Specific- 
ally, this device implements a First-In, First-Out 
algorithm, featuring asyn-chronous Read/Write op- 
erations, full, half full and empty flags, and unlim- 
ited expansion capability in both word size and 
depth. The main application of the MK4503 is as a 
rate buffer, sourcing and absorbing data at different 
rates, (e.g., interfacing fast processors and slow 
peripherals). 


Figure 1. Pin Connection 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 


The full, half full and empty flags are provided to 
prevent data overflow and underflow. The data is 
loaded and emptied on a First-In, First-Out (FIFO) 
basis, and the latency for the retrieval of data is 
approximately one load cycle (write). Since the 
writes and reads are internally sequential, thereby 
requiring no address information, the pinout defini- 
tion will serve this and future high-density devices. 
The ninth bit is provided to support control or parity 
functions. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK4503 employs a memory-based architecture 
wherein a byte written into the device does not 
“Ripple-Through”. Instead, a byte written into the 
MK4503 is stored at a specific location, where it 
remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 


Twin internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 


bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-writ- 
ten. 


The address pointers automatically loop back to 
address zero after reaching address 2047. The 
empty/half full and full status of the FIFO is there- 
fore a function of the distance between the 
pointers, not of their absolute location. As long as 
the pointers do not catch one another, the FIFO can 
be written and read continuously without ever be- 
coming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without affecting the write 
address pointer. 


With conventional FIFOs, implementation of a larger 
FIFO is accomplished by cascading the individual 
FIFOs. The penalty of cascading is often unaccept- 
able ripple-through delays. The 4503 allows im- 
plementation of very large FIFOs with no timing 
penalties. The memory-based architecture of the 
MK4503 allows connecting the read, write, data in, 
and data out lines of the MK4503s in parallel. The 
write and read control circuits of the individual 
FIFOs are then automatically enabled and disabled 
through the expansion-in and expansion-out pins. 
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ABSOLUTE MAXIMUM RATINGS 


Total Device Power Dissipation 


Note : Stresses above those listed under “Absolute Maximum Ratings” may be cause permanent damage to the device. This is a stress rating 
only, and functional operation of the device at these, or any other conditions above those indicated in the operational sections of this specification, 
is not implied. Exposure to absolute maximum ratings for extended periods may affect device. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta < +70°C) 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Voc = 5V + 10%) 
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Average Standby Current 


Power Down Current (all inputs => Vcc —0.2V) 
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CAPACITANCE 
(Ta = 25°C, f= 1 MHZ) 


Capacitance on Input Pins 
Capacitance on Output Pins 


Notes : 5. Measured with 0.0 < Vin < Vcc. 

1. Pulse widths less than minimum values are not allowed. 6. R2Vun, 0.0 2 Vout $ Voc. 

2. Measured using output load shown in Output Load Circuit. 7. Icc measurements are made with outputs open. 

3. All voltages are referenced to ground. 8. With output buffer deselected. 

4, - 1.5 volt undershoots are allowed for 10ns once per cycle. 9. Input levels tested at 500ns cycle time. 

AC TEST CONDITIONS Figure 3. Equivalent Output Load Circuit 


Input Levels GND to 3V 


Input Signal Timing 
Reference Level 5V 


Output Signal Timing 
Reference Level 0.8V and 2.2V 


Ambient Temperature 0°C to 70°C 
Voc 5V+10% 


DEVICE 
UNDER 
TEST 


680 ohms 


VRO0098 


4/16 
keyg SGS-THOMSO 
>/ / precedes ae. 
808 


READ MODE 


The MK4503 initiates a Read Cycle (see Figure 4) 
on the falling edge of Read Enable control input (R), 
provided that the Empty Flag (EF) is not asserted. 
In the Read mode of operation, the MK4503 pro- 
vides a fast access to data from 9 of 18432 loca- 
tions in the static storage array. The data is 
accessed on a FIFO basis independent of any 
on-going WRITE operations. After R goes high, 
data outputs will return to a high impedance condi- 
tion until the next Read operation. 


In the event that all data has been read from the 


Figure 4. Read And Empty Flag Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta $ +70°C; Veo = +5V + 10%) 
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FIFO, the EF will go low, and further Read oper- 
ations will be inhibited (the data outputs will remain 
in high impedance). EF will go high twer after 
completion of a valid Write operation. EF will again 
go low trer from the beginning a subsequent READ 
operation, provided that a second WRITE has not 
been completed (see Figure 6B). Reads beginning 
teFR after EF goes high are valid. Reads begun 
after EF goes low and more than trp) before EF 
goes high are invalid (ignored). Reads beginning 
less than tapi before EF goes high and less than 
terr later may or may not occur (be valid) depend- 
ing on internal flag status. 
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WRITE MODE 


The MK4503 initiates a Write Cycle (see Figure 5) 
on the falling edge of the Write Enable control input 
(W), provided that the Full Flag (FF) is not asserted. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is asserted during the 
last valid write as the MK4503 becomes full. Write 


operation. FF will again go low twer from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 6A). Writes beginning trrw after FF goes 
high are valid. Writes beginning after FF goes low 
and more than twei before FF goes high are invalid 
(ignored). Writes beginning less than twe: before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on internal flag 
status. 


operations begun with FF low are inhibited. FF will 
go high tree after completion of a valid READ 


Figure 5. Write And Full Flag Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Voc = +5V + 10%) 
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Figure 6A. Read/Write To Full Flag Waveforms 
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Figure 6B. Write/Read To Empty Flag Waveforms 
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RESET 


The MK4503 is reset (see Figure 7) whenever the 
Reset pin (RS) is in the low state. During a Reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a Write operation can begin. 


Figure 7. Reset Waveforms 
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Although neither W or R need be high when RS 
goes low, both W and R must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note: HF, EF and FF may change status during Reset, but flags will be valid at trsc. 


AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Veco = +5V + 10%) 


Symbol Parameter 
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RETRANSMIT must be inactive tats before RT goes high, and 


must remain high for tatr afterwards. 
The MK4503 can be made to retransmit (re-read 


previously read data) after the Retransmit pin (RT) The Retransmit function is particularly useful when 
is pulsed low. (See Figure 8). blocks of less than 2048 Writes are performed 

; ; ; between Resets. The Retransmit feature is not 
A Retransmit operation sets the internal read 


: tnt mpatible with Depth Expansion. 
pointer to the first physical location in the array, but compatible with Depth Expansion 
will not affect the position of the write pointer. R 


Figure 8. Retransmit Waveforms 
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Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tatc. 


AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta $ +70°C; Voc = +5V + 10%) 


Symbol Parameter 
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SINGLE DEVICE CONFIGURATION WIDTH EXPANSION 


A single MK4503 may be used when application | Word width may be increased simply by connecting 
requirements are for 2048 words or less. The __ the corresponding input control signals of multiple 
MK4503 is placed in Single Device Configuration devices. Status Flags (EF and FF) can be detected 


mode when the chip is Reset with the Expansion from any one device. Figure 10 demonstrates an 
In pin (Xl) nfourided (eee Figure 9). 5 18-bit word width by using two MK4508s. Any word 


width can be attained by adding additional 
MK4508s. The half full flag (HF) operates the same 
as in the single device configuration. 


Figure 9. A Single 2047 x 9 FIFO Configuration 
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(HF) HALF FULL FLAG 
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EMPTY FLAG 
RESET 
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EXPANSION IN (XI) 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 
Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC between the write pointer and read pointer is less 
When in single device configuration, the (HF) out- _—‘tan or equal to one half the total memory. The half 
put acts as an indication of a half full memory. After _‘ulll flag (HIF) is then reset by the rising edge of the 
half of the memory is filled, and at the falling edge read operation (see Figure 11). 

of the next write operation, the half full flag (HF) will 

be set low and remain low until the difference 


Figure 11. Half Full Flag Waveforms 
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AC CHARACTERISTICS 
(0°C < Ta $ +70°C; Voc = +5V + 10%) 
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DEPTH EXPANSION (Daisy Chain) 


The MK4503 can easily be adapted to applications 
when the requirements are for greater than 2048 
words. Figure 12 demonstrates Depth Expansion 
using the MK4503s. Any depth can be attained by 
adding additional MK4503s. 


External logic is needed to generate a composite 
Full Flag and Empty Flag. This requires the ORing 
of all EFs and the ORing of all FFs (i.e., all must be 
set to generate the correct composite FF or EF). 


The MK4503 operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions. 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not allowed in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


io) 


. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 


Figure 12. A 4K x 9 FIFO Configuration (Depth Expansion) 


DATA IN 


XO 


MK4503 
a : 
= DATA OUT 


VRO01007 


12/16 kg SGS-THOMSON 
———S——= ee S/ A MICROELECTROMICS 


816 


MK4503 


EXPANSION TIMING 


Figures 13 and 74 illustrate the timing of the Ex- 
pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. In as much 
as Expansion Out pins are generally connected 
only to Expansion In pins, the user need not be 
concerned with actual timing in a normal Depth 
Expanded application unless extreme propagation 
delays exist between the XO/XI pin pairs. 


Expansion Out pulses are the image of the WRITE 
and READ signals that cause them ; delayed in 
time by txot and txou. The Expansion Out signal is 
propagated when the last physical location in the 
memory array is written and again when it is read 
(Last Read). This is in contrast to when the Full and 


Figure 13. Expansion Out Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Voc = +5V + es 
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Empty Flags are activated, which is in response to 
writing and reading a last available location. 


When in Depth Expansion mode, a given MK4503 
will begin writing and reading as soon as valid 
WRITE and READ signals begin, provided FL was 
grounded at RESET time. A MK4503 in Depth 
Expansion mode with FL high at RESET will not 
begin writing until after an Expansion In pulse 
occurs. 


It will not begin reading until a second Expansion 
In pulse occurs and the Empty Flag has gone high. 
Expansion In pulses must occur txis before the 
WRITE and READ signals they are intended to 
enable. Minimum Expansion In pulse width, tx1, and 
recovery time, txir, Must be observed. 
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Figure 14. Expansion In Waveforms 
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AC ELECTRICAL CHARACTERISTICS 
(0°C < Tas +70°C; Voc = +5V + 10%) 
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COMPOUND EXPANSION BIDIRECTIONAL APPLICATIONS 


The two expansion techniques described above § Applications, which require data buffering between 
can be applied together in a straight forward man- —_—_‘ two systems (each system capable of READ and 


ner to achieve large FIFO arrays (see Figure 15). WRITE operations), can_ be achieved by pairing 
MK4503s, as shown in Figure 16. Care must be 


taken to assure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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DEPTH EXPANSION DEPTH EXPANSION DEPTH EXPANSION 
- BLOCK BLOCK 


D(N-8)_DN 


D(N-8)_DN 
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Notes : 
1. For depth expansion block see DEPTH EXPANSION Section and Figure 12. 


2. For Flag operation see WIDTH EXPANSION Section and Figure 10. 


Figure 16. Bidirectional FIFO Application 
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ORDERING INFORMATION 


Example: MK4503 N 65 


65 


N PDIP28 65ns 
80 80ns 
10 100ns 
12 120ns 
15 150ns 
20 200ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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(a, SGS-THOMSON MK45H01,02,03 
If. WICROELECTROMICS MK45H11,12,13 


VERY FAST CMOS 512/1K/2K x 9 BIPORT FIFO 


=» FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 


=» FLEXIBLE x 9 ORGANIZATIONS: 
— MK45H01,11 (512 x 9) 
— MK45H02,12 (1K x 9) 
— MK45H03, 13 (2K x 9) 


28 
LOW POWER, HIGH SPEED HCMOS TECH- ‘ 
NOLOGY 


» ASYNCHRONOUS AND SIMULTANEOUS PDIP28  (N) PSDIP28  (N) 
READ/WRITE 


FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 


# EMPTY AND FULL WARNING FLAGS 
= RETRANSMIT CAPABILITY 
HALF-FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK45H01,11,02,12,03,13 are BIPORT™ FIFO 
memories from SGS-THOMSON Microelectronics, 
which utilize special two-port memory cell tech- 
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn- 
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca- ba 
pability in both word size and depth. The full and a MK45HXX > 
empty flags are provided to prevent data overflow and 
underflow. 


PIN NAMES 


Expansion Input 


26  FL/RT 
MK45HXX 25 H RS 


Xl 
FF 


23 0 XO/HF 
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Figure 2. Block Diagram 
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DESCRIPTION (Continued) 


The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap- 
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 


The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload data. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (DO-D8) 
and data out (Q0-Q8) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under- 
flow or overflow. 


The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periphe- 
rals). The MK45HX1, MK45HX2, and MK45HXS3 incor- 
porate 9-bit wide data arrays that provide for 
support control or parity bit functions. This feature 
is helpful in data communications where the extra 
parity bit is used for transmission and reception 
error checking. These devices also offer retransmit 
(RT) and half-full features in single device or width 
expansion modes. The retransmit function allows 


data to be re-read by resetting the read pointer 
while not disturbing the write pointer. This is for 
applications where the FIFO is not full, or is written 
with less than 512, 1024, or 2048 words. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK45HX1, MK45HX2, and MK45HX3 employ a 
memory-based architecture wherein a byte written 
into the device does not “ripple through”. Instead, 
a byte written into the device is stored in a specific 
location, where it remains until over-written. The 
byte can be read and re-read as often as desired 
in the single device configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored ata 
given address has been read, it can be over-writ- 
ten. The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (512, 1024, or 2048). The empty, half full, 
and full status of the FIFO is therefore a function of 
the distance between the pointers, not of their 
absolute location. 
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FUNCTIONAL DESCRIPTION (Continued) 


As long as the pointers do not catch one another, 
the FIFO can be written and read continuously 
without ever becoming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 


With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple through delays. The MK45HX1, 
MK45HX2, and MK45HX3 allow implementation of 
very large FIFOs with no timing penalties. The 
memory-based architecture of the device allows 
the connection of the read, write, data in, and data 
out lines of the device in parallel. The write and read 
control circuits of the individual FIFOs are then 
automatically enabled and disabled through the 
expansion-in and expansion-out pins. 


Figure 3. Write and Full Flag Waveforms 
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WRITE MODE 


The MK45HXxX initiates a Write Cycle (see Figure 
3) on the falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is set during the last 
valid write as the MK45H03 becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high trrr after completion of a valid READ 
operation. FF will again go low twrr from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 5). Writes beginning trrw after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twre1 before FF goes high are invalid 
(ignored). Writes beginning less than twp before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on the internal flag 
status. 
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Write and Full Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


Symbol Parameter 
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W Low to FF Low 
FF High to Valid Write 
R High to FF High 


t Write Protect 
ve Indeterminant 


Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 


READ MODE 


The MK45HXxX initiates a Read Cycle (see Fig- 
ure 4) on the falling edge of Read Enable con- 
trol input (R), provided that the Empty Flag (EF) 
is not set. In the read mode of operation, the 
MK45HOX provides fast access to data from 9 
of the locations in the static storage array. The 
data is accessed on a FIFO basis independent 
of any on-going WRITE operations. After R 
goes high, data outputs will return to a high 
impedance condition until the next read oper- 
ation. In the event that all data has been read 
from the FIFO, the EF will go low, and further 


Figure 4. Read and Empty Flag Waveforms 


tRPI 
INVALID INDETERMINANT 
READ READ 


 aeaee eee 


READ operationswillbeinhibited(thedatainputs 
will remain in high impedance). EF will go high twer 
after completion of a valid WRITE operation. EF will 
again go low trer from the beginning a subsequent 
read operation, provided that a second WRITE has 
not been completed (see Figure 6). Reads begin- 
ning teFr after EF goes high are valid. Reads begun 
after EF goes low and more that trp; before EF goes 
high are invalid (ignored). Reads beginning less 
than trp: before EF goes high and less then terr 
later may or may not occur (be valid) depending on 
internal flag status. 
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Read and Empty Flag AC Operating Conditions 


(0°C < Ta $< +70°C, Voc = +5V + 10%) 
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Notes: 1. Pulse widths less than minimum values are not allowed 
2. Measured using equivalent output load circuit 


Figure 5. Read/Write to Full Flag Waveforms 
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Figure 6. Write/Read to Empty Flag Waveforms 
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RESET 


The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is in the low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 


Figure 7. Reset Waveforms 
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OKAY 


Although neither W or R need be high when RS 
goes low, both R and W must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note : HF, EF and FF may change status during Reset, but flags will be valid at trsc. 


Reset AC Operating Conditions (0°C < Ta < +70°C, Vcc = +5V + 10%) 


Reset Cycle Time 
Reset Pulse Width 


Reset Recovery Time 10 


Note: 1. Pulse widths less than minimum values are not allowed 
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RETRANSMIT pointer. R must be inactive tats before RT goes 
previously read data) after the Retransmit pin (RT) The Retransmit function is particularly useful when 
is pulsed low (see Figure 8). ARetransmit operation blocks of less than the total FIFO depth are per- 


sets the internal read pointer to the first location in formed between Resets. The Retransmit feature is 
the array, but will not affect the position of the write not compatible with Depth Expansion. 


Figure 8. Retransmit Waveforms 
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Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tarc. 
Retransmit AC Operating Conditions 
(0°C < Ta< +70°C, Voc = +5V + ae oe 
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Note: 1. Pulse widths less that minimum values are not allowed 
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SINGLE DEVICE CONFIGURATION 


A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXxX is placed in the Single Device 
Configuration mode when the chip is Reset with the 
Expansion In pin (Xl) grounded (see Figure 9). 


Figure 9. A Single MK45HXX FIFO Configuration 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXXs. The half full flag (HF) operates the 
Same as in single device configuration. 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 


Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC 


When in single device configuration, the (HF) out- 
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the falling edge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or equal to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11). 


Figure 11. Half Full Flag Waveforms 
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Half Full Flag AC Operating Conditions 
(0°C < Tas +70°C, Voc = +5V + 10%) 
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DEPTH EXPANSION (Daisy Chain) 


The MK45HXX can be easily adapted to applica- 
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon- 
strates Depth Expansion using two MK45HXxs. 
Any depth can be attained by adding additional 
MK45HXxXs. 


External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i-e., all must 
be set to generate the composite FF or EF). 
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The MK45HXxX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 


EXPANSION TIMING 
Figures 13 and 14 illustrate the timing of the Ex- 


pansion Out and Expansion In signals. Discussion 
of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con- 
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing ina 
normal Depth Expanded application unless ex- 
treme propagation delays exist between the XO/XI 
pin pairs. 


Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txoL and txou. The Expansion Out signal is propa- 
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXxX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 


Figure 13. Expansion Out Waveforms 
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Expansion Out AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 
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It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan- 
sion In pulses must occur txis before the WRITE 
and READ signals are intended to enable. Mini- 
mum Expansion In pulse width, txi, and recovery 
time, txin, must be observed. 
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Figure 14. Expansion In Waveforms 
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Expansion In AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


poe 1. Pulse widths less than minimum values are not allowed 


COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 15). 


BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
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two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXXs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is monitored 
by each system. (i.e., FF is monitored on the device 
where W is used ; EF is monitored on the device 
where R is used). Both Depth Expansion and Width 
Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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ABSOLUTE MAXIMUM RATINGS 


pM Voltage on any Pin Relative to Ground —0.3 to +7 


Vi 


Note : This ts a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Tas +70°C) 


Vit 


4.5 


Logic 1 All Inputs 2 
aa Logic 0 Alll Inputs 


Notes: 1. All Voltages are referenced to ground 
2. Vin = 2 5V on the RS pin for MK45H01,11, 02,12 


| 
io) 
ao 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta <+70°C, Vcc= +5V+ 10%) 


Average Vcc Power Supply Current 


| Average Standby Current 
eee (R= W=RS=FL/RT = Vin) 
Power Down Current 
ee (Inputs = Vcc -0.2V) 
Input Leakage Current (Any Input) —1 
Output Leakage Current 
Output Logic 1 Voltage (lout = -4.0mA) 
Output Logic 0 Voltage (lout = 8.0mA) 


Notes : 1. lcc measurements are made with outputs open. 
2. Measured with 0.4Vs Vins Vec. 
3. R2>Vin, 0.42 Vouts Vcc. 
4. All voltages are referenced to ground. 


ro} 
lo 


CAPACITANCE (Ta= 25°C, f= 1MHz) 


Capacitance on Input Pins 
Capacitance on Output Pins 


Notes : 1. This parameter is only sampled and not 100% tested 
2. Output buffer deselected 


Typ. 
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AC TEST CONDITIONS 


Output Signal Timing Reference Levels 
Ambient Temperature 0 to 70 


Figure 17. Equivalent Output Load Circuit 
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ORDERING INFORMATION 


Example: MK45H02 N 25 


N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 90 SOns 

65 65ns 

12 120ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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VERY FAST CMOS 4K / 8K x 9 BIPORT FIFO 


=» FIRST-IN-FIRST-OUT MEMORY BASED 
ARCHITECTURE 


= FLEXIBLE x 9 ORGANIZATIONS: 
— MK45H04,14 (4K x 9) 
— MK45H08 (8K x 9) 


« LOW POWER, HIGH SPEED HCMOS TECH- 
NOLOGY 


=» ASYNCHRONOUS AND SIMULTANEOUS 
READ/WRITE 


=» FULLY EXPANDABLE IN WORD WIDTH AND 
DEPTH 


EMPTY AND FULL WARNING FLAGS 
» RETRANSMIT CAPABILITY 
HALF-FULL FLAG IN SINGLE DEVICE MODE 


DESCRIPTION 


The MK45HX4 and MK45H08 are BIPORT™ FIFO 
memories from SGSTHOMSON Microelectronics, 
which utilize special two-port mem-ory cell tech- 
niques. Specifically, these devices implement a 
First-In-First-Out (FIFO) algorithm, featuring asyn- 
chronous read/write operations, full, empty, and 
half full status flags, and unlimited expansion ca- 
pability in both word size and depth. The full and = ae 
empty flags are provided to prevent data overflow and aa MK4SHXX 

underflow. 


PIN NAMES 


se 
a 
es 
Ne [Net Connecied 


February 1992 1/16 


MK45HXX 


14 15 16 17 18 19 20 


moaoird wo 
wine co Co 


VAQ0568 


837 


MK45H04,14,08 


Figure 2. Block Diagram 
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DESCRIPTION (Continued) 


The data is loaded and emptied on a first-in-first-out 
basis, and the latency for retrieval of data is ap- 
proximately one load (write) cycle. These devices 
feature a read/write cycle time of only 35ns 
(28.5MHz). 


The reads and writes are internally sequential 
through the use of separate read and write pointers 
in a ring counter fashion. Therefore, no address 
information is required to load or unload data. Data 
is loaded and unloaded with the use of W (write), 
and R (read) input pins. Separate data in (DO-D8) 
and data out (Q0-Q8) pins allow simultaneous and 
asynchronous read/write operations, provided the 
status flags are not protecting against data under- 
flow or overflow. 


The main application of these devices is a buffer 
for sourcing and absorbing data at different rates 
(e.g., interfacing fast processors and slow periph- 
erals). The MK45HX4 and MK45H08 incorporate 
9-bit wide data arrays that provide for support 
control or parity bit functions. This feature is helpful 
in data communications where the extra parity bit 
is used for transmission and reception error check- 
ing. These devices also offer retransmit (RT) and 
half-full features in single device or width expansion 
modes. The retransmit function allows data to be 


VRO00952 


re-read by resetting the read pointer while not 
disturbing the write pointer. This is for applications 
where the FIFO is not full, or is written with less than 
4096 or 8192 words. 


FUNCTIONAL DESCRIPTION 


Unlike conventional shift register based FIFOs, the 
MK45HX4 and MK45H08 employ a memory-based 
architecture wherein a byte written into the device 
does not “ripple through”. Instead, a byte written 
into the device is stored in a specific location, where 
it remains until over-written. The byte can be read 
and re-read as often as desired in the single device 
configuration. 


Two internal pointers (ring counters) automatically 
generate the addresses required for each write and 
read operation. The empty/full flag circuit prevents 
illogical operations, such as reading un-written 
bytes (reading while empty) or over-writing un-read 
bytes (writing while full). Once a byte stored at a 
given address has been read, it can be over-written. 
The address pointers automatically loop back 
to address zero after reaching the final address in 
the FIFO (4096 or 8192). The empty, half full, and 
full status of the FIFO is therefore a function of the 
distance between the pointers, not of their absolute 
location. 
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FUNCTIONAL DESCRIPTION (Continued) 


As long as the pointers do not catch one another, 
the FIFO can be written and read continuously 
without ever becoming full or empty. 


Resetting the FIFO simply resets the write and read 
pointers to location zero. Pulsing retransmit resets 
the read address pointer without effecting the write 
address pointer. 


With conventional FIFOs, implementation of a 
larger FIFO is accomplished by cascading individ- 
ual FIFOs. The penalty of cascading is often unac- 
ceptable ripple through delays. The MK45HX4, and 
MK45H08 allow implementation of very large 
FIFOs with no timing penalties. The memory-based 
architecture of the device allows the connection of 
the read, write, data in, and data out lines of the 
device in parallel. The write and read control cir- 
cuits of the individual FIFOs are then automatically 
enabled and disabled through the expansion-in 
and expansion-out pins. 


Figure 3. Write and Full Flag Waveforms 
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WRITE MODE 


The MK45HXxX initiates a Write Cycle (see Figure 
3) on the falling edge of the Write Enable control 
input (W), provided that the Full Flag (FF) is not set. 
Data set-up and hold-time requirements must be 
satisfied with respect to the rising edge of W. The 
data is stored sequentially and independent of any 
ongoing Read operations. FF is set during the last 
valid write as the MK45HXX becomes full. Write 
operations begun with FF low are inhibited. FF will 
go high tree after completion of a valid READ 
operation. FF will again go low twee from the begin- 
ning of a subsequent WRITE operation, provided 
that a second READ has not been completed (see 
Figure 5). Writes beginning trFw after FF goes high 
are valid. Writes beginning after FF goes low and 
more than twp before FF goes high are invalid 
(ignored). Writes beginning less than twp) before 
FF goes high and less than trrw later may or may 
not occur (be valid), depending on the internal flag 
status. 


FIRST VALID 


WRITE WRITE 


NOT FULL 


VALID DATA VALID DATA 
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Write and Full Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


or [oaatanine |e 


RrigntoFFrigh | | 25 


Notes: 1. Pulse widths less than minimum values are not allowed 
2 Measured using equivalent output load circuit 


READ MODE 


The MK45HXxX initiates a Read Cycle (see Fig- 
ure 4) on the falling edge of Read Enable control 
input (R), provided that the Empty Flag (EF) is not 
set. In the read mode of operation, the MK45HXX 
provides fast access to data from 9 of the locations 
in the static storage array. The data is accessed on 
a FIFO basis independent of any on-going WRITE 
operations. After R goes high, data outputs will 
return to a high impedance condition until the next 
read operation.In the event that all data has been 
read from the FIFO, the EF will go low, and further 


Figure 4. Read and Empty Flag Waveforms 
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Write Protect 10 10 10 10 10 
Indeterminant 
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READ operations will be inhibited (the data out- 
puts will remain in high impedance). EF will go high 
twer after completion of a valid WRITE operation. 
EF will again go low trer from the beginning a 
subsequent read operation, provided that a second 
WRITE has not been completed (see Figure 6). 
Reads beginning teFr after EF goes high are valid. 
Reads begun after EF goes low and more that trp) 
before EF goes high are invalid (ignored). Reads 
beginning less than trp; before EF goes high and 
less then terr later may or may not occur (be valid) 
depending on internal flag status. 


NOT EMPTY 
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Read and Empty Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


jem |v | ue 
Min, [Max.| bin. | Max. | in. [Mex.| Min, [Bax.| Bin, | Max 

[we [recccracte fet [s| [=| [=| [wl [=| 
(a |accastine | [=] [=| [=| [el [mm |e 
[ww [readrecovenrtine fo] [| [s| (| [@| [wl 
[wow |cedPusewem || [os] |] [| [ol [rm | 7 
Tm [Rtowiowme fet fo] fe} je] fe| [w]e 
[tor [Patavensromrven [sf fs} {si |[s]{ [s[ [mle 
[we [anomonnz | [el (=| [=| [= [=[mle 
[ver [Rtowweriw | {_[e{ [| [| |[e[ml|e 
we [eFHorevaires | [of [| [| [ol [wlml a 
[ver [Wronoeeen [fast fst [st fe] [eo [m |e 
pte [ices fe] tet fel fe} fet tee 
Notes: 1. Pulse widths less than minimum values are not allowed 

2. Measured using equivalent output load circuit 


Figure 5. Read/Write to Full Flag Waveforms 
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Figure 6. Write/Read to Empty Flag Waveforms 
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RESET 


The MK45HXX is reset (see Figure 7) whenever 
the Reset pin (RS) is inthe low state. During a reset, 
both the internal read and write pointers are set to 
the first location. Reset is required after power up, 
before a WRITE operation can begin. 


Figure 7. Reset Waveforms 
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Although neither W or R need be high when RS 
goes low, both R and W must be high trss before 
RS goes high, and must remain high trsr after- 
wards. Refer to the following discussion for the 
required state of FL/RT and XI during Reset. 
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Note : HF, EF and FF may change status during Reset, but flags will be valid at trsc. 


Reset AC Operating Conditions (0°C < Ta < +70°C, Vcc = +5V + 10%) 


Reset Cycle Time | 35 | 


Note: 1. Pulse widths less than minimum values are not allowed 
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RETRANSMIT 


The MK45HXX can be made to retransmit (re-read 
previously read data) after the Retransmit pin (RT) 
is pulsed low (see Figure 8). ARetransmit operation 
sets the internal read pointer to the first location in 
the array, but will not affect the position of the write 


Figure 8. Retransmit Waveforms 
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pointer. R must be inactive tats before RT goes 
high, and must remain high for tatr afterwards. 


The Retransmit function is particularly useful when 
blocks of less than the total FIFO depth are per- 
formed between Resets. The Retransmit feature is 
not compatible with Depth Expansion. 
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Note : HF, EF and FF may change status during Retransmit, but flags will be valid at tratc. 


Retransmit AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 


| tar | Retransmit Pulse Width [seer - | 


Note: 1. Pulse widths less that minimum values are not allowed 
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SINGLE DEVICE CONFIGURATION 


A single MK45HXX may be used when application 
requirements are for a depth of the device depth or 
less. The MK45HXxX is placed in the Single Device 
Configuration mode when the chip is Reset with the 
Expansion In pin (Xl) grounded (see Figure 9). 


Figure 9. A Single MK45HXX FIFO Configuration 
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WIDTH EXPANSION 


Word width may be increased simply by connecting 
the corresponding input control signals of multiple 
devices. Status Flags (EF and FF) can be detected 
from any one device. Figure 10 demonstrates an 
18-bit word width by using two MK45HXXs. Any 
word width can be attained by adding additional 
MK45HXxXs. The half full flag (HF) operates the 
same as in single device configuration. 
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(EF) EMPTY FLAG 


(RT) RETRANSMIT 
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Note : Flag detection is accomplished by monitoring the FF and EF signals on either (any) device used in the width expansion configuration. 


Do not connect flag output signals together. 
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HALF FULL FLAG LOGIC 


When in single device configuration, the (HF) out- 
put acts as an indication of a half full memory. After 
half of the memory is filled, and at the falling edge 
of the next write operation, the half full flag (HF) will 
be set low and remain low until the difference 
between the write pointer and read pointer is less 
than or equal to one half the total memory. The half 
full flag (HF) is then reset by the rising edge of the 
read operation (see Figure 11). 


Figure 11. Half Full Flag Waveforms 
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Half Full Flag AC Operating Conditions 
(0°C < Ta < +70°C, Voc = +5V + 10%) 
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DEPTH EXPANSION (Daisy Chain) 


The MK45HXX can be easily adapted to applica- 
tions when the requirements are greater than the 
individual device word depth. Figure 12 demon- 
strates Depth Expansion using two MK45HXXs. 
Any depth can be attained by adding additional 
MK45HXXs. 


External logic is needed to generate a composite 
Full and Empty Flag. This requires the ORing of all 
the EFs and the ORing of all the FFs (i.e., all must 
be set to generate the composite FF or EF). 


HALF-FULL 
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The MK45HXX operates in the Depth Expansion 
configuration after the chip is Reset under the 
below listed conditions : 


1. The first device must be designated by ground- 
ing the First Load pin (FL). The Retransmit 
function is not available in the Depth Expansion 
Mode. 


2. Allother devices must have FL in the high state. 


3. The Expansion Out (XO) pin of each device 
must be tied to the Expansion In (XI) pin of the 
next device. The Half Full Flag (HF) is disabled 
in this mode. 


EXPANSION TIMING 


Figures 13 and 14 illustrate the timing of the Ex- 
pansion Out and Expansion In signals. Discussion 


of Expansion Out/Expansion In timing is provided 
to clarify how Depth Expansion works. Due to the 
fact that Expansion Out pins are generally con- 
nected only to Expansion In pins, the user does not 
need to be concerned with the actual timing in a 
normal Depth Expanded application unless ex- 
treme propagation delays exist between the XO/XI 
pin pairs. 


Expansion Out pulses are the identical to the 
WRITE and READ signals but ; delayed in time by 
txo. and txou. The Expansion Out signal is propa- 
gated when the last physical location in the memory 
array is written and again when it is read (Last 
Read). This is in contrast to when the Full and 
Empty Flags are activated, which is in response to 
writing and reading a last available location. 


Figure 12. A Two Device Depth Expansion Configuration 
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When in Depth Expansion mode, a given 
MK45HXxX will begin writing and reading as soon 
as valid WRITE and READ signals begin, provided 
FL was grounded at RESET time. A MK45HXX in 
Depth Expansion mode with FL high at RESET will 
not begin writing until after an Expansion In pulse 
occurs. 


Figure 13. Expansion Out Waveforms 
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Expansion Out AC Operating Conditions 
(O°C < Ta < +70°C, Voc = +5V + 10%) 


Expansion Out Low 
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It will not begin reading until a second Expansion 
In pulse and the Empty Flag has gone high. Expan- 
sion In pulses must occur txis before the WRITE 
and READ signals are intended to enable. Mini- 
mum Expansion In pulse width, txi, and recovery 
time, txir, must be observed. 
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Figure 14. Expansion In Waveforms 
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Expansion In AC Operating Conditions 
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Note: 1. Pulse widths less than minimum values are not allowed 


COMPOUND EXPANSION 


The two expansion techniques described above 
can be applied together in a straight forward man- 
ner to achieve large FIFO arrays (see Figure 15). 


BIDIRECTIONAL APPLICATIONS 
Applications, which require data buffering between 
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two systems (each system capable of READ and 
WRITE operations), can be achieved by pairing 
MK45HXxs, as shown in Figure 16. Care must be 
taken to ensure that the appropriate flag is moni- 
tored by each system. (i.e., FF is monitored on the 
device where W is used ; EF is monitored on the 
device where R is used). Both Depth Expansion 
and Width Expansion may be used in this mode. 
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Figure 15. Compound FIFO Expansion Configuration 
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Figure 16. Bidirectional FIFO Application 
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ABSOLUTE MAXIMUM RATINGS 


parameter vate Ut 
a ae Voltage on any Pin Relative to Ground —0.3 to +7 
Operating Temperature 0 to 70 


Storage Temperature —55 to +125 °C 
ee 


Note : This is a stress rating only and functional operation of the device at these or any other conditions above those indicated in the operation 
sections of this spefication in not implied. Exposure to absolute maximum ratings for extended periods of time may affect device 
reliability. 


RECOMMENDED DC OPERATING CONDITIONS (0°Cs Ta < +70°C) 


ficacoatioas its] ] 


Note : 1. All Voltages are referenced to ground 


DC ELECTRICAL CHARACTERISTICS (0°Cs Ta < +70°C, Vcc = +5V 410%) 


Average Vcc Power Supply Current 


l Average Standby Current 

ace W = RS =FL/RT = Vin) 
Power Down Current 

ae (Inputs = Vcc -0.2V) 


Input Leakage Current (Any Input 


Output Logic 1 Voltage (lout = -4.0mA) 


Output Logic 0 Voltage (lout = 8.0mA) 


Notes : 1. lcc measurements are made with outputs open. 
2. Measured with 0.4Vs Vin< Vcc. 
3. R2Vin,0.42 Vouts Vcc. 
4. All voltages are referenced to ground. 


CAPACITANCE (Ta= 25°C, f= 1MHz) 


Capacitance on Input Pins 
Capacitance on Output Pins 


Notes : 1. This parameter is only sampled and not 100% tested 
2. Output buffer deselected 
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AC TEST CONDITIONS 


[amet Te 
Fianstontine | 


Output Signal Timing Reference Levels 1.5 and 1.9 


Figure 17. Equivalent Output Load Circuit 


DEVICE 
UNDER 
Test 


Cy includes JIG capacitance 


VA00614 


{7 SGS-THOMSON 15/16 
S/ | e MICROELECTRONICS 


851 


MK45H04,14,08 


ORDERING INFORMATION 


Example: MK45H04 N 25 


N PDIP28 25 25ns 
and/or 

PSDIP28 35 35ns 

K PLCC32 90 S0ns 

65 65ns 

12 120ns 


For a list of available options of Package and Speed, refer to the Selector Guide in this Data Book or to 
the current Memory Shortform Catalogue. 


For further information on any aspect of this device, please contact our Sales Office nearest you. 
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CMOS 2K x 8 ZEROPOWER SRAM 


» LOW CURRENT (1nA @ 70°C) BATTERY 
INPUT FOR DATA RETENTION IN THE AB- 
SENCE OF POWER 


=» DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


= + 5 VOLT ONLY READ/WRITE 
» CONVENTIONAL SRAM WRITE CYCLES 


m LOW POWER 440mW ACTIVE ; 5.5mW 
STANDBY 


=» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


=» LOW-BATTERY WARNING 


=» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
— MK48C02A 4.75V = Vprp = 4.50V 
— MK48C12A 4.50V 2 Vprp 2 4.20V 


=» POWER FAIL INTERRUPT OUTPUT 


DESCRIPTION 


The MK48C02A/12A ZEROPOWER™ are CMOS 
RAM memories with internal power fail support 
circuitry for battery backup applications. The fully 
static RAM uses an HCMOS six transistor cell and 
is organized 2K x 8. Included in the device is a 
feature to conserve battery energy and a method 
of providing data security during Vcc transients. A 
precision voltage detector write-protects the RAM 
to prevent inadvertent loss of data when Vcc falls 


PIN NAMES 


: 
Battery Input 

iNT 
NG 
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PDIP28 (N) PLCC32 (kK) 


Figure 1. Pin Connections 
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Figure 2. Block Diagram 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


DESCRIPTION (Continued) 


out of tolerance. In this way, all input and output 
pins (including E and W) become "don’t care". The 
device permits full functional ability of the RAM for 
Vcc above 4.75V (MK48CO02A) and 4.5V 
(MK48C12A). Data protection is provided for Vcc 
below 4.5V (MK48C02A) and 4.2V (MK48C12A), 


TRUTH TABLE 


<Vcc(max) 


ViL 


>Vcc(min) Vin 


Vit 
ViL 
Vit 


rt 


(1) pao-pa7 


VRO00787 


and maintains data in the absence of Vcc with no 
additional support circuitry other than a primary 
cell. The current supplied by the battery during data 
retention is for junction leakage only (typically less 
than 5nA) because all power-consuming Circuitry is 
turned off. The low battery drain allows use of a 
long life Lithium primary cell. 


X Deselect 
Vit Write 
Read 
Read 


Power-Fail : 
Battery High-Z 


Back-up 
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ABSOLUTE MAXIMUM RATINGS 


OS 
Ambient Storage (Vcc Off) Temperature 
[Po |TotlDevice PowerDisspaion STW 


Notes: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


CAUTION : Under no conditions can the "Absolute Maximum Ratings" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, i.e. do not force these pins below — 0 3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta < 70°C) 


V 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Ta < 70°C Voc max = Vec2= Vcc min) 


Average Vcc Power Supply Current bee al 
TTL Standby Current (E= Vin) P 


CMOS Standby Current (E > Vcc -0.2V) 


: 

: 

Output Logic "1" Voltage (lout = —1.0mA) a aa a ea ee, 

Output Logic "0" Voltage (lout = 2.1mA) a ee oe ee 

INT Logic "0" Voltage (lout = 0.5 mA) Bt nal a a ae 

[tears —_[Batory Backup CurentVe=4ov | | ot | A | 

[teva [Battery Charging GurentVeo=sav [8 | S| mA | 
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AC TEST CONDITIONS OUTPUT LOAD DIAGRAM 


Input Levels 0.6Vto2.4V 
Transition Times 5ns 


Input and Output Timing 0.8Vor22V 
Reference Levels 


DEVICE 
UNDER 


TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VROOO780 


CAPACITANCE 
(Ta = 25°C) 


Eee. Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins and INT 10 pF 4,5 


1. All voltages referenced to GND 

2. Negative spikes of — 1.0 volts allowed for up to 10ns once per cycle. 

3. Icc1 measured with outputs open. 

4. Measured with GND < Vis Vcc and outputs deselected. 

5. Effective capacitance calculated from the equation C = | AV/AV with AV =3 volts and power supply at nominal level. 
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OPERATION 

Read Mode 

The MK48C02A/12A is in the Read Mode when- 
ever W (Write Enable) is high and E (Chip Enable) 
is low, providing a ripple-through access of data 
from eight of 16,384 locations in the static storage 
array. Thus, the unique address specified by the 11 
Address Inputs (An) defines which one of 2,048 
bytes of data is to be accessed. 


Figure 3. Read-Read-Write Timing 


READ 
tRC 


AQ-A10 


tCEA 


MK48C02A, MK48C12A 


Valid data will be available to the eight data Output 
Drivers within taa after the last address input signal 
is stable, providing that the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcea or toga), rather than the address. 
The state of the eight Data I/O signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between ton and taa, 
but the data lines will always have valid data at taa. 


READ WRITE 
tRC twCc 


eee, eae eee 


- Ce nee 
<|VALID VALID oUTX =—s—sé*Y 


{| VALID VALID OUT) 
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¢ VALID IN > IN 
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AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 


(O°C < Ta < 70°C; Vecmax> Vec= Vcc min) 


Note : Measured using the Output Load Diagram shown page 4. 
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WRITE MODE 


The MK48C02A/1 2A is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high, 
fora minimum of twr prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for toy 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VALID 
DQO-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 


The MK48C02A/12A G input is a DON’T CARE in 
the write mode. G can be tied low and two-wire 
RAM control can be implemented. A low on W will 
disable the outputs twez after W falls. Take care to 
avoid bus contention when operating with two-wire 
control. 
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AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(O°C < Ta S$ 70°C; Voc max 2 Voc2 Vcc min) 


Address Valid to End of Write 


Address Setup Time 


Write Enable Low to High-Z 


48CX2A-15 | 48CX2A-20 | 48CX2A-25 
Symbol Parameter 


Write Cycle Time 


Chip Enable to End of Write 


twr Write Recovery Time 
Data Setup Time 
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DATA RETENTION MODE 


With Vcc applied, the MK48C02A/12A operates as 
a conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the VpFp (max), Verb (min) window. The 
MK48C02A has a Vprp (max) - Vprp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48C12A has a Vprp (max) - 
VpFp (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi- 
cation to use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vpep (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK48C02A/12A may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (Min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 


INTERRUPT FUNCTION 


The MK48C02A/12A provides a power-fail interrupt 
output labeled INT. The INT pin eliminates the need 
for external power sensing components in applica- 
tions where an orderly shut down of the system is 
necessary. The INT pin is open drain for "wire or" 
applications and provides the user with 10us to 
40us advanced warning of an impending power-fail 
write protect. 
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Figure 5. Checking the BOK Flag Status 
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AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(O°C < Ta < +70°C) 


Parameter 


Vprp (max) to Vprp (min) Vcc Fall Time 


tFB Vprp (min) to Vso Vcc Fall Time 


trB Vso to Vprp (min) Vcc Rise Time 


Verp (min) to Verp (max) Vc Rise Time 
EeWavnateinetmy mp 
Verp (max) to INT High 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(O°C <Ta < +70°C) 


Power-Fail Deselect Voltage (MK48C12A) V 1 


Notes : 

1. All voltages referenced to GND. 

2 yeep mo to Verp (Min) fall times of less te may result in deselection/write protection not occurring until 401s after Vcc passes 
prp (Min). 

3. Vprp (Min) to Vso fall times of less than tes may cause corruption of RAM data. 

4. INT may go high anytime after Vcc exceeds Vprp (min) and is guaranteed to go high tern after Vcc exceeds Vprp (max). 


CAUTION: Negative Undershoots Below -0.3V are not allowed on any pin while in Battery Back-up mode . 
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Figure 6. Power-Down/Power-Up Timing 
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Notes : 
1. Inputs may or may not be recognized at this time. 


2. Caution should be taken to keep EorWin the high state Vcc rises past Vrrp (min). Some systems may perform inadvertent write cycles after 
Vcc rises but before normal system operation begins. Even though a power on reset is being applied to the processor a reset condition may 
not occur until after the system clock is running 


ORDERING INFORMATION 


Example: MK48C02 K 15 


N PDIP28 15 150ns 
K PLCC32 20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK482Z02 
MK48212 


CMOS 2K x 8 ZEROPOWER SRAM 


=» PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C 


=» DATA RETENTION IN THE ABSENCE OF 
POWER 


» DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE 


=» +5 VOLT ONLY READ/WRITE 
= CONVENTIONAL SRAM WRITE CYCLES 


=» FULL CMOS-440mW ACTIVE ; 5.5mW 
STANDBY 


# 24-PIN DUAL IN LINE PACKAGE, JEDEC 
PINOUTS 


=m READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME 


» LOW-BATTERY WARNING 


» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE: 
— MK48Z02 4.75V = Vprp = 4.50V 
— MK48212 4.50V =>Vprp = 4.20V 


DESCRIPTION 


The MK48Z02/12 is a 16,384-bit, Non-Vola- 
tile Static RAM, organized 2K x 8 using 
CMOS and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of 
a CMOS static RAM, with the important added 
benefit of data being retained in the absence of 
power. Data retention current is so small that a 
miniature Lithium cell contained within the package 
provides an en-ergy source to preserve data. Low 
current drain has been attained by the use of a full 
CMOS memory cell, novel analog support circuitry, 
and carefully controlled junction leakage by an all 
implanted CMOS process. Safeguards against in- 
advertent data loss have been incorporated to main- 
tain data integrity in the uncertain operating 
environment associated with power-up and power- 
down transients. The ZEROPOWER RAM can re- 
place existing 2K x 8 static RAM, directly conforming 
to the popular Byte Wide 24-pin DIP package 
(JEDEC). MK482Z02/1 2 also matches the pinning of 
2716 EPROM and 2K x 8 EEPROM. Like other static 
RAMs, there is no limit to the number of write cycles 
that can be performed. Since the access time, read 
cycle, and write cycle are less than 250ns and 
require only + 5 volts, no additional support circuitry 
is needed for interface to a microprocessor. 
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PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 
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PIN NAMES 


A0-A10 Address Inputs 
Chip Enable 


ie em 


Write Enable 
Output Enable 
DQ0-DQ7 Data Inputs/Outputs 
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Figure 2. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


[symbot [ Parmeter ae 
Ambient Storage (Vcc Off) Temperature 
Fo [Doves Poveraseaion |W 


NOTE: Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION : Under no conditions can the "Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, !.e. do not force these pins below — 0.3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Tas 70°C) 


Logic "1" Voltage All Inputs 


Logic "0" Voltage All Inputs 


Vcc 
Vcc 
GND 
Vin 
Vit 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Ta < 70°C; Voc max 2 Vec 2 Vecmin) 
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EQUIVALENT OUTPUT LOAD DIAGRAM 
AC TEST CONDITIONS 


Input Levels 0.6V to 2.4V 
Transition Times _ 5Sns 


Input and Output Timing 0.8V or 2.2V 
Reference Levels 


DEVICE 


UNDER 

TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VROO0780 


CAPACITANCE 
(TA = 25°C) 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 

3. cc: measured with outputs open. 

4. Measured with Vcc2 V:12 GND and outputs deselected. 

5. Effective capacitance calculated from the equation C = | AVAV with AV =3 volts and power supply at 5.0V. 
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OPERATION 
READ MODE 


The MK48Z02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low, 
providing a ripple-through access of data from eight 
of 16,384 locations in the static storage array. Thus, 
the unique address specified by the 11 Address 
Inputs (An) defines which one of 2,048 bytes of data 
is to be accessed. 

Valid data will be available to the eight data Output 


Figure 3. Read-Read-Write Timing 


AO-A10 


DQO0-DQ7 


aad foe 
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Drivers within taa after the last address input signal 
is stable, providing that the E and G access times 
are satisfied. If E or G access times are not met, 
data access will be measured from the limiting 
parameter (tcea or toe), rather than the address. 
The state of the eight Data I/O signals is controlled 
by the E and G control signals. The data lines may 
be in an indeterminate state between ton and taa, 
but the data lines will always have valid data at taa. 


{| VALID | VALID OUT) ¢ VALID IN) IN 
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AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 


(0°C <Ta < 70°C; Voc max2 Voc 2 Voc min) 


Symbol 


Parameter 


Output Enable Hi to High-Z 


Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MK48Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twr prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for toy 
afterward. 


Figure 4. Write-Write-Read Timing 


tCEZ 
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VALID 
(Une) 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 

The MK48Z02/1 2 G input is a DON’T CARE in the 
write mode, G can be tied low and two-wire RAM 
control can be implemented. Alow on W will disable 
the outputs twez after W falls. Take care to avoid 
bus contention when operating with two-wire control. 
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AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(O°C < Ta S$ 70°C; Voc max 2 Voc 2 Vcc min) 


tcew | Chip Enable to End of Write 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the Veprp (max), Verb (min) window. The 
MK48Z02 has a Vprp (max) - VpFp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48Z12 has a Vprp (max) - VeFD 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification to 
use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vprp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK482Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 
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Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 
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DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(O°C < Ta < +70°C) 


Power-Fail Deselect Voltage (MK48Z02) 


Power-Fail Deselect Voltage (MK48212) 
Battery Back-Up Switchover Voltage it 4 


AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 


(O°C < Ta < +70°C) 
ve [Ee WartitsbrePoverdom fe ||| | 
[Vir ntveomniveoFatine | wo | | | ws | 2 
| 


Notes : 
1. All voltages referenced to GND. 


2. vere ey to Vprp (min) fall times of less te may result in deselection/write protection not occurring until 50us after Vcc passes 
PFD (min). 


3. Vprp (min) to Vso fall times of less than trs may cause corruption of RAM data 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MK48Z02/12 bat- 
tery life is influenced by temperature. The life of the 
battery is controlled by temperature and is virtually 
independent of the percentage of time the 
MK48Z02/12 spends in battery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem-per- 
ature dependent failure mechanisms. However, in 
view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s on- 
going battery testing since it began in 1982, we 
believe the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25°C to produce a 2.4 volt closed- 
circuit voltage across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. 
They are labeled “Average (ts0%)” and “(ti)”. 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 


Predicted Battery Life = 


life at 70°C is at issue, Figure 7 indicates that a 
particular MK48Z02/12 has a 1% chance of having 
a battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 11 
years ; 50% of them can be expected to fail within 
20 years. 


The tix figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case 
ana-lysis. The tso% figure represents “normal” or 
“average” life. It is, therefore, accurate to say 
that the average device will last “tso”. 


Battery life is defined as beginning on the date 
of manufacture. Each MK48Z02/12 is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 is H- 
fabricated in Carrollton, TX; 9- assembled in 
Muar, Malaysia; 9-tested in Muar, Malaysia; 
5B-lot designator; 9231-assembled in the year 
1992, work week 31. 


CALCULATING PREDICTED BATTERY LIFE 


As Figure 7 indicates, the predicted life of the 
battery in the MK48Z02/12 is a function of tem- 
perature. The back-up current required by the 
memory matrix in the MK48Z02/12 is so low that 
it has negligible influence on battery life. 


Because predicted battery life is dependent 
upon application controlled variables, only the 
user can estimate predicted battery life in a 
given design. As long as ambient temperature 
is held reasonably constant, expected life can 
be read directly from Figure 7. lf the 
MK48Z02/12 spends an appreciable amount of 
time at a variety of temperatures, the following 
equations should be used to estimate battery life. 


[(TA1/TT)/BL1)] + [(TA2/TT)/BLo] + ... + [((TAn/TT)/BLn)] 


Where: TAi, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 


TT = Total Time = TA; + TAo + ... + TAn 


BL1, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CAL- 
CULATION 


A cash register/terminal operates in an environ- 
ment where the MK48Z02/12 is exposed to tem 


peratures of 30°C or less for 3066 hrs/yr ; tem- 
peratures greater than 25°C, but less than 40°C 
for 5256 hrs/yr ; and temperatures greater than 
40°C, but less than 70°C for the remaining 438 
hrs/yr. 


Reading predicted typical life values from Figure 7 ; BLi = 456 yrs., BLe = 175 yrs., BLs = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 


, 
Predicted Typical Battery Life=> >> >> yyy yyy I DIDI D— 
[(3066/8760)/456] + [(5256/8760)/1 75] + [(438/8760)/11.4] 


> 116.5 yrs. 


Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MK482Z02 B 12 


B PHDIP24 12 120ns 
15 150ns 
20 200ns 
25 290ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MKI48Z02 
MKI48Z12 


CMOS 2K x 8 ZEROPOWER SRAM 


=» INDUSTRIAL TEMPERATURE RANGE - 40°C 
to + 85°C. 


» PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C. 


™ DATA RETENTION IN THE ABSENCE OF 
POWER. 


=» DATA SECURITY PROVIDED BY AUTOMATIC 
WRITE PROTECTION DURING POWER 
FAILURE. 


am +5 VOLT ONLY READ/WRITE. 
# CONVENTIONAL SRAM WRITE CYCLES. 


» LOW POWER-440mW ACTIVE ; 5.5mW 
STANDBY. 


w 24-PIN DUAL IN LINE PACKAGE, JEDEC 24 
PIN MEMORY PINOUT. 


=» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


# ON BOARD LOW-BATTERY WARNING CIR- 
CUITRY. 


=» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
— MK1482Z02 4.75V > Vprp = 4.50V 
— MK148212 4.50V = Vprp 2 4.20V 


DESCRIPTION 


The MK1I48Z02/12 is a 16,384-bit, Non-Vola- 
tile Static RAM, organized 2K x 8 using CMOS 
and an integral Lithium energy source. The 
ZEROPOWER™ RAM has the characteristics of a 
CMOS static RAM, with the important added ben- 
efit of data being retained in the absence of power. 
Data retention current is so small that a miniature 
Lithium cell contained within the package provides 
an en-ergy source to preserve data. Low current 
drain has been attained by the use of a full CMOS 
memory cell, novel analog support circuitry, and 
carefully controlled junction leakage by an all im- 
planted CMOS process. Safeguards against inad- 
vertent data loss have been incorporated to maintain 
data integrity in the uncertain operating environ- 
ment associated with power-up and power-down 
transients. The ZEROPOWER RAM can replace 
exist-ing 2K x 8 static RAM, directly conforming to the 
popular Byte Wide 24-pin DIP package (JEDEC). 
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PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connections 
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Figure 2. Block Diagram 


LITHIUM 


CELL 
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DESCRIPTION (Continued) that can be performed. Since the access time, read 
MKI48Z02/12 also matches the pinning of 2716 cycle, and write cycle are less than 250ns and 
EPROM and 2K x 8 EEPROM. Like other static require only + 5 volts, no additional support circuitry 
RAMs, there is no limit to the number of write cycles is needed for interface to a microprocessor. 


TRUTH TABLE 


Deselect 


<Vcc(max) Write 
>Vec(mn) Read 
Vit Vin Vin Read 


ow Power-Fail 
Battery oe 
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ABSOLUTE MAXIMUM RATINGS 


smb [Parmer | vae| 
Ambient Storage (Vcc Off) Temperature 
Fo [iDevcePoverDaseaton | 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION : Under no conditions can the "Absolute Maximum Rating" for the voltage on any pin be exceeded since it will cause permanent 
damage. Specifically, do not perform the "standard" continuity test on any input or output pin, i.e. do not force these pins below —0.3V DC. 


RECOMMENDED DC OPERATING CONDITIONS 
(40°C < Tas +85°C) 


Ground 
Logic "1" Voltage All Inputs 
Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(40°C < Ta < +85°C; Voc max = Vec = Vcc min) 


Input Leakage Current (Any Input) 


Output Logic "1" Voltage (lout = —1.0mA) 
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EQUIVALENT OUTPUT LOAD DIAGRAM 


AC TEST CONDITIONS 
Input Levels 0.6V to 2.4V 
Transition Times 5ns 
Input and Output Timing 0.8V or 2.2V 
Reference Levels DEVICE 
UNDER 
Ambient Temperature —40 to 85°C TEST 
100 pF 
(INCLU 
VCC (MKI48Z02) 4.75 to 5.5V en SCOPE 
VCC (MKI48212) 4.5 to 5.5V 
VACOO790 
CAPACITANCE 
(Ta = 25°C) 


Capacitance on all pins (except D/Q) 
Capacitance on D/Q pins 10 pF 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 

3. Icc1 measured with outputs open 

4 Measured with Vcc2 Vi2= GND and outputs deselected 

5. Effective capacitance calculated from the equation C = | AAV with AV = 3 volts and power supply at 5.0V. 
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OPERATION 


READ MODE Valid data will be available to the eight data Output 
The MKI48Z02/12 is in the Read Mode whenever Drivers within taa after the last address input signal 
W (Write Enable) is high and E (Chip Enable) islow, _ is stable, providing that the E and G access times 
providing aripple-through access ofdatafromeight are satisfied. If E or G access times are not met, 
of 16,384 locations in the staticstorage array. Thus, | data access will be measured from the limiting 
the unique address specified by the 11 Address | parameter (tcea or toga), rather than the address. 
Inputs (An) defines which one of 2,048 bytes ofdata The state of the eight Data I/O signals is controlled 
is to be accessed. by the E and G control signals. The data lines may 

be in an indeterminate state between ton and taa, 

but the data lines will always have valid data at taa. 


Figure 3. Read-Read-Write Timing 


READ READ WRITE 
tRC tRC twC 


ae Sara) eee 


tCEA 


DQO0-DQ7 VALID IN 


VRO00942 


AC ELECTRICAL CHARACTERISTICS (Read Cycle Timing) 
(—40°C < Ta < +85°C; Vec max = Vec2= Vcc min) 


Output Enable Access Time 
Valid Data Out Hold Time 


Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MKI48Z02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
for a minimum of twre prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tos 
prior to the End of Write and remain valid for toy 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VALID 
DQ0-DQ7 OUT 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc(min) but before the processor stabi- 
lizes. 

The MK148202/1 2 G input is a don't care in the write 
mode. G can be tied low and two-wire RAM control 
can be implemented. A low on W will disable the 
outputs twez after W falls. Take care to avoid bus 
contention when operating with two-wire control. 


VALID 
(‘our ) 


VRO00795 


AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(-40°C <Ta < +85°C; Voc max = Vcc = Vcc min) 
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DATA RETENTION MODE 


With Vcc applied, the MKI48Z02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc Is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the VpFp (max), VpFp (min) window. The 
MKI48Z02 has a Vprp (max) to Verb (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MKI48Z12 has a Vprp (max) to 
VPFp (min) window of 4.5 volts to 4.2 volts, allowing 
users constrained to a 10% power supply specifi- 
cation to use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the current address location, but does not 
jeopardize the rest of the RAM’s content. At volt- 
ages below Vprp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MKI482Z02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, 
and normal RAM operation resumes. Figure 5 illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (Max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (Min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 
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Figure 5. Checking the BOK Flag Status 
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Figure 6. Power-Down/Power-Up Timing 


Vcc 
VPFD(max) 


VPFD(min) 
VSO 


VROO0794 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(40°C < Ta < +85°C) 


Smoot] Paver | mn | Tom | ans | it 
"Veo Paver Fal oss Vota wei | ao | 48 | 475 |v 
Vio Power Fa Deseo Wotapeoacueziey | azn | 48 | 40 | V_ 
Yoo [Baten Bascupswicowervetags | 8 fT 


AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(40°C < Ta < +85°C) 


‘Symisi[——Promter || We 
[ie faWavanenrowton Te fT fe 
Verp (max) to Vero (min) Vec Fall Time | soo | =| sf os fk 
Vprp (min) to Vso Vcc Fall Time ie ae Se we 
Vso to Verp (min) Voc Rise Time a oe i re ie a 
Veep (min) to Verp (max) Vcc Rise Time Foo fff ls P| 
Te [EW anaterrowryp fe 


Notes : 
1. All voltages referenced to GND. 


2. ye ma to Vprp (min) fall times of less te may result in deselection/write protection not occurring until 50s after Vcc passes 
PFp (ml 


3. Vprp (min) to Vso fall times of less than tres may cause corruption of RAM data. 
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DATA RETENTION TIME 
About Figure 7 


Figure 7 illustrates how expected MK148Z02/12 
battery life is influenced by temperature. The life of 
the battery is controlled by temperature and is 
virtually independent of the percentage of time the 
MK148Z02/12 spends in battery back-up mode. 


Battery life predictions presented in Figure 7 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem- 
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON's ongo- 
ing battery testing since it began in 1982, we be- 
lieve the likelihood of such failure mechanisms 
surfacing is extremely poor. For the purpose of this 
testing, a cell failure is defined as the inability of a 
cell stabilized at 25°C to produce a 2.0 volt closed- 
circuit voltage across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
7 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 


presented should not be considered absolute or . 


final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read-points of life tests presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 7. 
They are labeled "Average (tso%)" and "(ti)". 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 


1 


Predicted Battery Life = ------------------------------------- 
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life at 80°C is at issue, Figure 7 indicates that a 
particular MK148Z02/12 has a 1% chance of having 
a battery failure 10 years into its life and a 50% 
chance of failure at the 17 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience battery failure within 10 
years ; 50% of them can be expected to fail within 
17 years. 


The ti% figure represents the practical onset of 
wear-out, and is therefore suitable for use in what 
would normally be though of as a worst-case anal- 
ysis. The tso% figure represents "normal" or "aver- 
age" life. It is, therefore, accurate to say that the 
average device will last "ts02,". 


Battery life is defined as beginning on the date of 
manufacture. Each MKI48Z02/12 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H -fabri- 
cated in Carrollton, TX; 9 -assembled in Muar, 
Malaysia; 9 -tested in Muar, Malaysia; 58 -lot des- 
ignator; 9231 -assembled in the year 1992, work 
week 31. 


CALCULATING PREDICTED BATTERY LIFE 


As Figure 7 indicates, the predicted life of the 
battery in the MKI48Z02/12 is a function of temper- 
ature. The back-up current required by the memory 
matrix in the MKI48Z02/12 is so low that it has 
negligible influence on battery life. 


Because predicted battery life is dependent upon 
application controlled variables, only the user can 
estimate predicted battery life in a given design. As 
long as ambient temperature is held reasonably 
constant, expected life can be read directly from 
Figure 7. If the MKI48Z02/12 spends an apprecia- 
ble amount of time at a variety of temperatures, the 
following equations should be used to estimate 
battery life. 


[(TAy/TT)/BL1)] + [(TAg/TT)/BLo] + ... + [(TAn/TT)/BLn)] 


Where: TAi, TA2, TAn = Time at Ambient Temperature 1, 2, etc. 


TT = Total Time = TA1 + TAo +... + TAn 


BLi, BL2, BLn = Predicted Battery Lifetime at Temp 1, Temp 2, etc (see Figure 7). 
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EXAMPLE PREDICTED BATTERY LIFE CALCU- 
LATION 


A process control computer operates in an environ- 
ment where the MKI48Z02/12 is exposed to tem- 


peratures of 50°C or less for 3066 hrs/yr ; 
temperatures greater than 25°C, but less 
than 60°C for 5256 hrs/yr ; and tempera- 
tures greater than 40°C, but less than 85°C for 
the remaining 438 hrs/yr. 


Reading predicted typical life values from Figure 7 ; BLi = 275 yrs., BLo = 95 yrs., BL3 = 6 yrs. 
Total Time (TT) = 8760 hrs./yr. TA1 = 3066 hrs./yr. TA2 = 5256 hrs./yr. TA3 = 438 hrs./yr. 


Predicted Typical Battery Life=> =§——-——_——__——_ 


[(8066/8760)/275] + [(5256/8760)/95] + [(438/8760)/6] 


> 62.8 yrs. 


Figure 7. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MKI48Z02 B 15 


B PHDIP24 15 150ns 
20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK482Z08,18 
MK482Z09,19 


CMOS 8K x 8 ZEROPOWER SRAM 


=» INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


=» UNLIMITED WRITE-CYCLES. 


=» READ-CYCLE TIME -EQUALS WRITE-CYCLE 
TIME. 


=» PREDICTED WORST CASE BATTERY LIFE OF 
11 YEARS @ 70°C. 


=» PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K X 8 SRAMS. 


=» AUTOMATIC POWER-FAIL CHIP DESE- 
LECT/WRITE PROTECTION. 


» CHOICE OF TWO WRITE PROTECT VOLT- 
AGES : 
—MK48208/09 - 4.50V < Vprp < 4.75V 
— MK48218/19 - 4.20V< Vprp < 4.50V 


DESCRIPTION 


The MK48Z08/18/09/19 ZEROPOWER™ RAM 
combines an 8K x 8 full CMOS SRAM and a long 
life lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z08/18/09/19 is a 
Non Volatile, pin and function equivalent to any 
JEDEC standard 8K x 8 SRAM. It also easily fits 
into many EPROM and EEPROM sockets, provid- 
ing the non-volatility of the PROMs without any 
requirement for special write timing, or limitations 
on the number of writes that can be performed. 


In addition, the MK48Z08/18/09/19 has its own 
Power-fail Detect circuit. The circuit deselects the 
device whenever Vcc is below tolerance, providing 
a high degree of data security in the midst of 
unpredictable system operations brought on by 
low Vcc. 


PIN NAMES 
ae 
a I 


int |PowerFa iter 
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PHDIP28 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connections 
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Figure 2. Block Diagram 
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TRUTH TABLE (MK48Z08/18) 
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TRUTH TABLE (MK48Z09/19) 
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ABSOLUTE MAXIMUM RATINGS 


Smit [remem 
pe [iio oiian tS 


Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification is 
not implied. Exposure to the absolute maximum rating conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS (0°C < Ta < 70°C) 
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DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta < +70°C; Voc min < Voc < Vec max) 


lcct Average Vcc Power Supply Current 


loca CMOS Standby Current (Ei = Vcc —0.2V) 
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AC TEST CONDITIONS 


Input Levels 0.0V to 3.0V 
TransionTines OR 


Input and Output Timing 
Reference Levels 


OUTPUT LOAD DIAGRAM 
MK48Z08-70 MK48Z08,18,09,19 


VRQ00837 VRO00823 


CAPACITANCE 
(Ta = 25°C) 


Notes : 

All voltages referenced to GND. 

Negative spikes of -1.0 volt allowed for up to 10ns once per Cycle. 

lcc1 measured with outputs open. 

imA typical. 

Measured with Vcc > Vi 2 GND and outpus deselected. 

80mA@ 100ns, & 125mA @ 70ns. 

Effective capacitance calculated from the equation C = IAV/AV with AV = 3 volts and power supply at 5.0V. 
Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


Vec 


INT 
(MK48Z09/19 ONLY) 


INPUTS DON’T CARE RECOGNIZED 


VAUD VALID 
OUTPUTS — (per coNTROL INPUT) (PER CONTROL INPUT) 


VAOO560 


Note: Inputs may not be recognized at this time. Caution should be taken to keep E high or E2 low as Vcc rises past Verp(min). Some systems 
may perform inadvertent write cycles after Vcc rises above Vprp(min)but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until after the system clock Is running. 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C < Ta <+70°C) 


a Vprp (max) to Verb (min) Vcc Fall Time 


Vso to Vprp (min) Vcc Rise Time 


E; or Wat Vin or Ez at Vi after Power Up 
INT Low to Auto Deselect 
Verp (max) to INT High 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < Ta < +70°C) 


Symbol Parameter 


ro [Fon ans orang [48 | 

Vero _ | Power-fail Deselect Voltage (MK48Z18/19) ea a ete 
er [Boty Soap suaonervose [ae [fv [+ 
en [esac Rrene || vans 


Notes: 1.All voltages referenced to GND. 
2. Vprp (max) to Vprp (min) fall time of less than te may result in deselection/write protection not occurring until 200 ps after Vcc pas- 
sesVprp (min). 
3.VpEp (min) to Vso fall time of less than trs may cause corruption of RAM data. 
4.INT may go high anytime after Vcc exceeds Vprp (min) and is guaranteed to go high tery after Vcc exceeds Vprp (max). 
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READ MODE 


The MK48Z08/1 8/09/19 is in the Read Mode when- 
ever W (Write Enable) is high, E1(Chip Enable 1) is 
low, and Ea(Chip Enable 2) is high (MK48Z09/19). 
The device architecture allows ripple-through ac- 
cess of data from eight of 65,536 locations in the 
static storage array. Thus, the unique address spe- 
cified by the 13 Address Inputs defines which one 
of the 8,192 bytes of data is to be accessed. Valid 
data will be available at the Data I/O pins within 
tavav after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


) 
MK48Z08-70 MK48Zxx-10 


(0°C < Ta S$ +70°C; Voc min S$ Voc < Voc max 


Symbol 


Chip Enable 2 to Q Low-Z 


Parameter 


a2 kS 
ae 
ae 
a 
ai 
os ae 
Be re 
pt 
Peale! 
an ee 
oe ee 
el 
sce 


If Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access Time (teLav) or at Output 
Enable Access Time (tatav). The state of the eight 
three-state Data I/O signals is controlled by Chip 
Enable and Output Enable. If the Outputs are 
activated before tavav, the data lines will be driven 
to an indeterminate state until tavav. If the Address 
Inputs are changed while Chip Enable and Output 
Enable remain low, output data will remain valid for 
Output Hold from Address (taxax) but will go in- 
determinate until the next Address Access. 
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n 
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Figure 4. Read Timing n° 1 (Address Access) 


fees 
ADDRESS 
a tAVQV 
tAXQX 


DATA VALID DATA VALID 


VR000818 


Figure 5. Read Timing n° 2 


ADDRESS 


tAVQV 
tE1LQV tE1HQZ 


tE1LQX 


Ef AA PITTI LITT T 


tE2HQV oo 


SBANNANANANNANS = 
eee 
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WRITE MODE 


The MK48Z08/1 8/09/19 is in the Write Mode when- 
ever Write Enable and Chip Enable are active. The 
start of a write is referenced to the latter occurring 
falling edge of W or E; or rising edge of Eo 
(MK48Z09/19). A write is terminated by the earlier 
rising edge of W or Ej, or the falling edge of Eo 
(MK482Z09/19). The addresses must be held valid 
throughout the cycle. E1 or W must return high or 
Es low for minimum of te1Hax or te2Lax prior to the 


initiation of another read or write cycle. Data-in 
must be valid tovwu prior to the end of write and 
remain valid for twHpx afterwards. 


Because G is a Don’t Care in the Write Mode and 
alow onW will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implemented. A low on W will disable the outputs 
twLqz after W goes low. Take care to avoid bus 
contention when operating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 


(0°C s Ta S$ +70°C; Vcc min S$ Vcc S$ Vcc max) 


Address Set-Up Time 
to Chip Enable Active 


Write Recovery from Chip 
Enable (Address Hold Time) 


Chip Enable Active to 
End of Write 


MK48Z08-70 


Address Set-Up Time to W Low 


—_s 


; 


50 
90 


10 
50 


oO 
jo) 


MK48Zxx-10 


fo) 


oO 
jo) 


— 
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100 


fan) 


oO 
— 
NM 


Data Valid to End of Write 40 
End of Write to Q Low-Z 10 
W Low to Q High-Z 


Notes : 
1. InaW Controlled Cycle. 
2. InaE1, Es Controlled Cycle. 
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Figure 6. Write Control Write Cycle Timing 


ADDRESS 


tAVEIL es tE1HAX 


tE2LAX 


OXY 4 


tWHOX VROO0820 


Figure 7. Chip Enable Control Write Cycle Timing 


ADDRESS 


tE1HAX 


tE2LAX 


tE2HE2L 


DATA IN VALID 


VROO00821 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z08/1 8/09/19 operates 
as a conventional BYTEWIDE™ Static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself when Vcc falls within the Vprp(max), 
Vprp(min) window. 


Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp(Min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time is not less than tr. The 
MK48Z08/18/09/19 may respond to transient 
noise spikes that reach into the deselect window if 
this should occur during the time the device is 
sampling Vcc. Therefore decoupling of the power 
supply lines is recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(max). Caution 
should be taken to keep E1 high (MK482Z08/18) or 
E> low (MK48Z09/19) as Vcc rises past Verp(min) 
as some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 


POWER FAIL INTERRUPT 


The MK48Z09/19 continuously monitors Vcc. When 
Vcc falls to the power fail detect trip point of the 
MK48Z09/19 an interrupt is immediately generated. 
An internal clock provides a delay no less than 10us 
but no greater than 40 us before automatically 
deselecting the MK48Z09/19. The INT pin is an open 
drain output and requires an external pull up resistor. 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48Z08/18/ 
09/19 is expected to ultimately come to an end for 
one of two reasons : either because it has been 
discharged while providing current to an external 
load ; or because the effects of aging render the cell 
useless before it can actually be discharged. Fortu- 
nately, these two effects are virtually unrelated, al- 
lowing discharge, or Capacity Consumption, and the 
effects of aging, or Storage Life, to be treated as two 
independent but simultaneous mechanisms, the ear- 
lier of which defines Back-up System life. 


With Vcc on, the battery is disconnected from the RAM 
and aging effects become the determining factor in 
battery life. With Vcc off, leakage currents in the RAM 
provide the only load on the Battery during battery 
back-up. For the MK48Z08/18/09/19, the leakage cur- 
rents are so low that the Back-up System Life of the 
device is simply the Storage Life of the cell. The 
Storage Life of the cell is a function of tempera- 
ture. 
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PREDICTING STORAGE LIFE 


Figure 8 illustrates how temperature affects Storage 
Life of the MK48Z08/18/09/19 battery. The life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48Z08/1 8/09/19. 


Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON’s on going bat- 
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex- 
tremely small. For the purpose of the testing, a cell 
failure is defined as the inability of a cell stabilized at 
25°C to produce a 2.4 volt closed-circuit voltage 
across a 250K load resistance. 

A Special Note : The summary presented in Figure 
8 represents a conservative analysis of the data 
presently available. While SGS- THOMSON is most 
likely in possession of the largest collection of 
battery life data of this kind in the world, the results 
presented should not be considered absolute or 
final ; they can be expected to change as yet more 
data becomes available. We believe that future 
read points of life test presently under way and 
improvements in the battery technology itself will 
result in a continuing improvement of these figures. 


Two end of life curves are presented in Figure 8. 
They are labeled "Average" (tso%) and (t1%). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 70°C is at issue, Figure 8 indicates that a 
particular MK48Z08/18/09/19 has a 1% chance of 
having a battery failure 11 years into its life anda 
50% chance of failure at the 20 year mark. Con- 
versely, given asample ofdevices, 1% of them can 
be expected to experience a battery failure within 
11 years ; 50% of them can be expected to experi- 
ence a failure within 20 years. 


The ti% figure represents the practical onset of wear 
out, and is therefore suitable for use in what would 
normally be thought of as a worst-case analysis. The 
150% figure represents "normal" or "average" life. It is, 
therefore, accurate to say that the average device will 
last “t50%". 


Battery life is defined as beginning at the date of man- 
ufacture. Each MK48Z08/18/09/19 is marked with a 
nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H -fabricated in 
Carrollton, TX; 9 - assembled in Muar, Malaysia; 9- 
tested in Muar, Malaysia; 5B - lot designator; 9231 
- assembled in the year 1992, work week 31. 
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Calculating Predicted Storage Life of the Battery 


As Figure 8 indicates, the predicted Storage Life 
of the battery in the MK48Z08/18/09/19 is a func- 
tion of temperature. 


Because the ambient temperature profile is de- 
pendent upon application controlled variables, 
only the user can estimate predicted 


Example Predicted Storage Life Calculation 


MK48Z08,18,09,19 


Storage Life in a given design. As long as 
ambient temperature is held reasonably 
constant, expected Storage Life can be read 
directly from Figure 8. If the MK48Z08/1 8/09/19 
spends an appreciable amount of time ata 
variety of temperatures, the following equa- 
tion should be used to estimate Storage Life. 


Predicted Storage Life = 1/{ [(TA1 / TT) / SLi] + [(TAe/ TT) / SLe] + ...+ [(TAN/ TT) / SLy] } 


Where TAj, TA, TAN, 


= Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TAi + TA2+.. 


. + TAN 


SL1, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 8) 


Example Predicted Storage Life Calculation 


A cash register/terminal operates in an environ- 
ment where the MK48Z08/18/09/19 is exposed to 


Reading Predicted tix, values from Figure 8; SL 
8760 hrs./yr. TA 


Total Time (TT) = 


temperatures of 55°C or less for 8322 hrs./yr.; and 
temperatures greater than 60°C, but less than 
70°C, for the remaining 438 hrs./yr. 


= 41 yrs., SLo = 11.4 yrs., 


= 8322 hrs./yr. TA2 = 438 hrs./yr. . 


Predicted Typical Storage Life > 1 /{ [ (8322 / 8760) / 41] + [(438 / 8760) / 11.4] 


Predicted Typical Storage Life = 


36 years 


Figure 8. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MK482Z08 ) 70 


B PHDIP28 70 70ns 
10 100ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MKI48218 


CMOS 8K x 8 ZEROPOWER SRAM 


ADVANCE DATA 


a INDUSTRIAL TEMPERATURE RANGE -40°C 
TO +85°C 


a INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND ENERGY 
SOURCE 


a UNLIMITED WRITE-CYCLES. 


» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


» PREDICTED WORST CASE BATTERY LIFE OF 
6 YEARS @ 85°C 


» PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K X 8 SRAMS. 


a AUTOMATIC POWER-FAIL CHIP DESELECT 
WRITE PROTECTION. 


DESCRIPTION 


The MKI48Z18 8K x 8 ZEROPOWER™ RAM is a 
nonvolatile 65,536 bit SRAM organized as 8192 
words by 8 bits. The device combines an internal 
long life lithium battery and a full CMOS SRAM in 
a plastic 28 pin DIR The ZEROPOWER RAM 
directly replaces industry standard SRAMs. It also 
fits into many EPROM and EEPROM sockets, pro- 
viding the nonvolatility of PROMs without any re- 
quirement for special write timing or limitations on 
the number of writes that can be performed. 


The MKI48Z18 has its own Power-fail Detect Cir- 
cuit. The control circuitry constantly monitors the 
single 5V supply for an out of tolerance condition. 
When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re- 
turns. 


The MK148218 is offered with an access time of 
100ns. The device is operational over a tempera- 
ture range of -40°C to +85°C. For a complete 
description of electrical characteristics and bus 
timing, refer to the MK48Z18B10 specifications 
contained within the MK48Z08,18 data sheet. 
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PHDIP28 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 
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ABSOLUTE MAXIMUM RATINGS 


a 
Voltage on any Pin Relative to Ground 
C 
°C 


Ambient Storage (Vec Off) Temperature —40 to +85 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS (-40°Cs Ta <+85°C) 


Parameter pin, | Mex | Unit 

| ann [oon CF et 
VIH 
VIL 


DC ELECTRICAL CHARACTERISTICS 
(-40°Cs Ta <+85°C; Vcc min < Vcc < Vcc max) 


Symbol Parameter | Min. | 
Average Vcc Power Supply Current a eS 


CMOS Standby Current (E = Vcc —0.2V) 

: 

Output Logic "1" Voltage ( lout = —1.0 mA) Lea | ae 
Output Logic "0" Voltage (lout = +2.1 mA) . V 


NOTES : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volts allowed for up to 10 ns once per Cycle. 
3. Icc1 measured with outputs open. 
4 
5 


. 1mA typical. 
. Measured with Vec = Vi2 GND and outputs deselected. 
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PREDICTING BATTERY LIFE 


Figure 2 illustrates how temperature affects Battery 
Storage Life of the MKI48Z18. Since the leakage 
currents of the MKI48Z18 are so low, Storage Life 
of the battery is the limiting factor in defining the 
Battery Lifetime of the device. Thus, Battery Life- 
time is controlled by temperature and is virtually 
unaffected by the current requirements of the 
MKI48Z18 RAM. 


Storage Life predictions presented in Figure 2 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. For the purpose of the 
testing, a cell failure is defined as the inability of a 


MKI48218 


cell stabilized at 25°C to produce a 2.0 volt closed- 
circuit voltage across a 250K load resistance. 


Two end of life curves are presented in Figure 2. 
They are labeled "Average" (ts0%) and (t1%). 
These terms relate to the probability that a given 
number of failures will have accumulated by a 
particular point in time. If, for example, expected 
life at 85°C is at issue, Figure 2 indicates that a 
particular MKI48Z18 has a 1% chance of having 
a battery failure 6.5 years into its life and a 50% 
chance of failure at the 10 year mark. Conver- 
sely, given a sample of devices, 1% of them can 
be expected to experience a battery failure within 
6.5 years; 50% of them can be expected to ex- 
perience a failure within 10 years. 


Figure 2. Predicted Battery Storage Life Versus Temperature 
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ORDERING INFORMATION 


Example: MKI48218 B 10 


B  PHDIP28 10 100ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 32K x 8 ZEROPOWER SRAM 


=» INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


» UNLIMITED WRITE-CYCLES. 


=» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


=» MINIMUM BATTERY BACK-UP OF 10 YEARS 
@ 25°C. 

=» PINAND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 32K X 8 SRAMS. 


=» AUTOMATIC POWER-FAIL CHIP DESELECT / 
WRITE PROTECTION. 


=» DUAL WRITE PROTECT VOLTAGES: 
MK48Z30 -4.50V<Vprp< 4.75V 
MK48Z30Y - 4.20V <Vprp < 4.50V 


28 

27 

26 

25 

24 

23 

MK48Z350 22 
MK48Z30Y 21 
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DESCRIPTION 


The MK48Z30/30Y ZEROPOWER™ RAM com- 
bines a 32K x 8 full CMOS SRAM and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z30/30Y is a non- 
volatile pin and function equivalent to any JEDEC PIN NAMES 
standard 32K x 8 SRAM. It also easily fits into many 
EPROM and EEPROM sockets, providing the non- 
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 


In addition, the MK48Z30/30Y has its own Power- 
fail Detect Circuit. The circuit deselects the device 
whenever Vcc is below tolerance, providing a high 
degree of data security in the midst of unpredict- 
able system operations brought on by low Vcc. 
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Figure 2. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


Oe 
[Pe ffanPowerBespain | 
Tsta@ Ambient Storage (Vcc Off) Temperature 


Note: Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


[smiet [Pann mtn || Wo 
[ver [Serieinwomeecn [asf es fy ft 
a 
a 


DC ELECTRICAL CHARACTERISTICS 
(0°C < Ta S$ +70°C; Vcc min < Vcc < Voc max) 


ns 
te [AaisiestomSepywmonons | |e | mmf 8 
[ier [Awan vesPomeSapyowen ano] fm | mm | 8 
ee [Tm Seyconentevn | fmm 


CMOS Standby Current (Vcc max 2 E > Pf fom fe 
aaa —0.3V) 
reatesaanGomaayeed | | 1 | sm | * 
er 
Output Logic "1" Voltage (lout = —4.0mA) Pee Oe 
Output Logic "0" Voltage (lout = +8.0mA) Ee tl Oe 
Notes : 


1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10 ns once per Cycle. 
3. Icc1 measured with outputs open. 

4. Measured with Vcc 2 Vi>= GND and outputs deselected. 
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AC TEST CONDITIONS 


ici Levels 0.0V to 3.0V 


Input and Output Timing 
Reference Levels 


OUTPUT LOAD DIAGRAMS 


( 
VRO00833 VRO00834 


* Includes Scope and Test Jig 


CAPACITANCE 
(Ta = 25°C) 


Notes : 
1. Effective capacitance calculated from the equation C = | AV/AV with AV = 3 volts and power supply at 5.0 V. 
2. Measured with outputs deselected. 
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MK48230, MK48Z30Y 


Figure 3. Power Up/Down Waveform 


Voc 
VPFD(max) 


VPFD(min) 


INPUTS RECOGNIZED DON’T CARE RECOGNIZED 


D 
OUTPUTS eR CORSE INPUT) -—— HIGH Z (PER CONTROL INPUT) 


VAO00606 


REFERENCE : Inputs may not be recognized at this time. Caution should be taken to keep E high as Vcc rises past Vepr(min). Some systems 
may perform inadvertent write cycles after Vcc rises above Vepr(min)but before normal system operations begins. Even though a power on 
reset is being applied to the processor a reset condition may not occur until after the system clock is running. 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C < Ta <+70°C) 


Te [Eee obs 
Verp (max) to Verp (min) Voc Fall Time Pf ows fk 
Taser 
ee [Eocene 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < Ta < +70°C) 


Symbol Parameter 


| Ver | Power-fail Deselect Voltage (MK48Z30) 


RB Deselect Voltage (MK48Z30Y) 


Battery Back-up Switchover Voltage 


. V 


Notes:  1.All voltages referenced to GND. 
2. Vprp (max) to Verb (min) fall time of less than te may result in deselection/Mwrite protection not occurring until 200 ps after 
Vcc passesVprp (min). 
rs os ian) to Vso fall time of less than tes may cause corruption of RAM data. 
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READ MODE 


The MK48Z30/30Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address 
specified by the 15 Address Inputs defines which 
one of the 32,768 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav after the last address input signal is 
stable, providing that the Chip Enable and Output 
Enable access times are satisfied. If Chip Enable 
or Output Enable access times are not met, valid 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


(0°C < Ta $ +70°C; Voc min < Vcc < Vcc max) 


data will be available at the Chip Enable Access 
Time (teLav) or at Output Enable Access Time 
(tGLav). 

The state of the eight three-state Data I/O signals 
is controlled by Chip Enable and Output Enable. If 
the Outputs are activated before tavav, the data 
lines will be driven to an indeterminate state until 
tavav. If the Address Inputs are changed while Chip 
Enable and Output Enable remain low, output data 
will remain valid for Output Data Hold Time (taxax) 
but will go indeterminate until the next Address 
Access. 


MK48Z30/30Y-70 | MK48Z30/30Y-12 


oe ae ae 
a ee ees 
ae coe ee ECD 
pe ee | 
a a ae 
LS a Se 
Lee 
Rae SRE 
ae ee 


Notes : 
1. Measured with load as shown in Figure A page 4. 
2. Measured with load as shown in Figure B page 4. 
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Figure 4. Read Timing n° 1 (Address Access) 


tAXQX 


DQ0-DQ7 QYVR DATA VALID ORY 


VROO0828 


Note: E =G= Low, W= High 


Figure 5. Read Timing n° 2 


DQ0—DQ7 XX) DATA VALID 


NOTE: W=HIGH VRO00829 
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WRITE MODE 


The MK48Z30/30Y is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of awrite is referenced to the latter occurring falling 
edge of Write Enable or Chip Enable. A write is 
terminated by the earlier rising edge of Write 
Enable or Chip Enable. The addresses must be 
held valid throughout the cycle. Chip Enable or 
Write Enable must return high or for minimum of 
twHax prior to the initiation of another read or write 


cycle. Data-in must be valid tovwu prior to the end 
of write and remain valid for twHpx afterward. 


Because Output Enable is a Don’t Care in the Write 
Mode and a low on Write Enable will return the 
outputs to High-Z, Output Enable can be tied low 
and two-wire RAM control can be implemented. A 
low on Write Enable will disable the outputs twLaz 
after Write Enable falls. Take care to avoid bus 
contention when operating with two-wire control. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 


(0°C < Tas +70°C; Vcc min s Vcc < Vcc max) 


Notes : 
1. Measured with load as shown in Figure B page 4. 


MK48Z30/30Y-70 | MK48Z30/30Y-12 unt) Hoe 


W High to Q Active 
W Low to QHigh-Z 
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Figure 6. Write Control Write Cycle Timing 


DQ0-DQ7 DATA VALID Le; 


VRO00830 


Figure 7. Chip Enable Control Write Cycle Timing 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z30/30Y operates as 
a conventional BYTEWIDE™ static RAM. Should 
the supply voltage decay, the RAM will automati- 
cally power-fail deselect, write protecting itself 
when Vcc falls within the Vprp(max), Verp(min) 
window. 


A mid-write cycle power failure may corrupt data at 
the currently addressed location, but does not jeop- 
ardize the rest of the RAM’s content. At voltages 
below Vprp(min), the user can be assured the 
memory will be in a write protected state, provided 
the Vcc fall time is not less than te. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(max). Caution 
should be taken to keep E or W high as Vcc rises 
past Vprp(min) as some systems may perform 
inadvertent write cycles after Vcc rises but before 
normal system operation begins. 


BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK482Z30/30Y 
is expected to ultimately come to an end for one of 
two reasons: either because the effects of aging 
render the cells useless before it can actually be 


discharged; or because it has have been dis- 
charged while providing current to an external load. 
These two effects are virtually unrelated, allowing 
discharge, or Capacity Consumption, and the ef- 
fects of aging, or Storage Life, to be treated as two 
independent but simultaneous battery end-of-life 
mechanisms. 


With Vcc on, the battery is disconnected from the 
RAM and Storage Life becomes the determining 
factor in battery longevity. 


With Vcc off, the MK48Z30/30Y initiates back-up 
mode by switching power from the Vcc input to the 
internal battery. In the back-up mode, leakage 
current drawn by the RAM represents the only load 
on the battery. The load condition consumes the 
cell’s capacity and is therefore referred to as Ca- 
pacity Consumption. Capacity Consumption is the 
primary battery end-of-life mechanism while the 
MK482Z30/S30Y is in the battery back-up mode. 


Battery life is defined as beginning on the date of 
manufacture. Each MK48Z30/30Y is marked with 
a nine digit manufacturing date code in the form 
H99XXYYZZ, example: H995B9231 is H - fabri- 
cated in Carrollton, TX; 9 - assembled in Muar, 
Malaysia; 9 - tested in Muar, Malaysia; 5B - lot 
designator; 9231 - assembled in the year 1992, 
work week 31. 


Figure 8. Predicted Battery Storage Life Versus Temperature 
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Storage Life 


Figure 8 illustrates how temperature affects Stor- 
age Life of the MK48Z30/30Y battery. 


Two End-of- Life curves related to Storage Life are 
presented in the Figure 8. They are labeled "Aver- 
age" (ti%), and "Average" (tso0%). These terms 
define the probability that a given number of 
failures will accumulate by a particular point in time. 
lf, for example, a battery’s expected life at 70°C is 
an issue, Figure 8 indicates that an MK48Z30/30Y 
has a 1% chance of having a battery failure 11 
years into its life and a 50% chance of failure at the 
20 year time. Conversely, given a sample of de- 


Predicted Storage Life = 


MK482Z30, MK48Z30Y 


vices, 1% of them can be expected to experience 
a battery failure within 11 years and 50% of them 
within 20 years. 


Calculating Predicted Storage Life of 
the Battery 


As Figure 8 indicates, the predicted Storage Life of 
the MK48Z30/30Y battery is a function of tempera- 
ture. As long as the ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 8. If the MK48Z30/30Y 
spends an appreciable amount of time at a variety 
of temperatures, the following equation can be 
used to estimate Storage Life. 


[(TA1/TT/SL1) + (TA2/TT/SL2) + (TAN/TT/SLN)] 
Where TA, TAz, TAN, = Time at Ambient Temperature 1, 2, etc.... 


TT = Total Time = TA + TAo + ...4 TAN 


SL1, SL2, SLn = Storage Life at Temp.1, Temp.2, etc... (See Figure 8) 


Example Storage Life Calculation 


A terminal operates in an environment where the 
MK482Z30/30A is exposed to temperatures of 40°C 
or less for 4380 hrs/yr; temperatures greater than 
25°C but less 50°C for 3504 hrs/yr; and tempera- 


tures greater 50°C but less than 70°C for the re- 
maining 876 hrs/yr. 


Reading Predicted t1% Storage Life values from 
Figure 8: 


SLi = 175 yrs, SL2 = 70 yrs, SL3 = 11 yrs. 
Total Time (TT) = 8760 hrs/yr 
TA1 = 4380 hrs/yr, TA2 = 3504 hrs/yr, TA3 = 876 hrs/yr. 


Predicted Storage Life = 


[(4380/8760/175)+ (3504/8760/70) + (876/8760/11)] 


> 56.7 yrs. 


Predicting Capacity Consumption Life 


The MK48Z30/30Y battery cell has a minimum 
rated capacity of 39 mAh. The RAM, in battery- 
backed mode, places a nominal load of 445nA at 
25°C. At this rate, the MK48Z30/30Y will consume 
the capacity of the battery cell in 87,600 hours or 
about 10 years. 


Figure 8 also shows how Capacity Consumption 
varies with temperature. Because the ambient 
temperature profile is dependent upon application 
controlled variables, only the user can estimate 
consumption rates in a given design. As long as 
ambient temperature is held reasonably constant, 


ky. SGS-THOMSON 


expected Capacity Consumption Life can be esti- 
mated directly from the curve in Figure 8. At 30 °C 
and 0% Vcc Duty Cycle, the Capacity Consumption 
Life is 7 years. As Vcc Duty Cycle increases, 
though, so does Capacity Consumption Life. At 30 °C 
and 40% power on Duty Cycle, the Capacity Con- 
sumption Life is 


7/(1-0.40) = 11.7 years. 


If the MK48Z30/30Y spends an appreciable 
amount of time at a variety of temperatures, the 
same equation used to estimate Storage Life can 
be used to estimate Capacity Consumption Life. 
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Example Consumption Life Calculation points of interest on the Capacity Consumption 


Using the same terminal example described ear- Curve of Figure 8 are at the 35°C and the 25°C 
lier, assume the terminal is turned off for 14 hours temperatures. 

a day. During these 14 hours the MK48230/30Y is Reading the Capacity Consumption values from 
in the battery back-up mode and is exposed to 35°C Figure 8 : 

for 5 hrs and 25°C for the remaining 9 hrs. The two 


CLi =5 yrs, CL2 = 10 yrs 
Total Time (TT) = 8760 hrs/yr 
TAi = 1825 hrs/yr,TA2 = 3285 hrs/yr. 


1 


Predicted Storage Life = 
[(1825/8760/5)+ (3285/8760/10)] 
2 12.6 yrs. 
Estimating Back-up System Life estimated lifetimes defines the Battery Life. In the 


Either Storage or Capacity Consumption canend Previous examples, the System Life of the 
the System Life of the MK48Z30/30Y. Since these  MK48230/30Y would be at least 12.6 years. 
mechanisms are independent, the lower of the two 
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ORDERING INFORMATION 


Example: MK482Z30 B 70 


B PHDIP28 70 70ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK482Z32 
MK482Z32Y 


CMOS 32K x 8 ZEROPOWER SRAM 


# INTEGRATED ULTRA LOW POWER SRAM, 
POWER-FAIL CONTROL CIRCUIT AND BAT- 
TERY. 


# UNLIMITED WRITE-CYCLES. 


=» READ-CYCLE TIME EQUALS WRITE-CYCLE 
TIME. 


=» MINIMUM BATTERY BACK-UP OF 10 YEARS 
@ 70°C. 


=» PINAND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 32K x 8 SRAMS. 


=» AUTOMATIC POWER-FAIL CHIP DESELECT / 
WRITE PROTECTION. 


» DUAL WRITE PROTECT VOLTAGE: 
—MK482Z32 -4.50V<Vprps 4.75V 
— MK482Z32Y - 4.20V <Vprp < 4.50V 


DESCRIPTION 


The MK48Z32/32Y ZEROPOWER™ RAM com- 
bines an 32K x 8 full CMOS SRAM and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48Z32/32Y is a non- 
volatile pin and function equivalent to any JEDEC 
standard 32K x 8 SRAM. It also easily fits into may 
EPROM and EEPROM sockets, providing the non- 
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 


In addition, the MK48Z32/32Y has its own Power- 
fail Detect Circuit. The circuit deselects the device 
whenever Vcc is below tolerance, providing a high 
degree of data security in the midst of unpredict- 
able system operations brought on by low Vcc. 


February 1992 


1 
PHDIP28 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 


28 
27 
26 
25 
24 
23 
7 MK48Z32 22 
8 MK48Z32Y 21 
20 
19 
18 
17 
16 
15 


PIN NAMES 
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Output Enable 
Data Inputs/Outputs 
5 Volts, Ground 
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Figure 2. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS 


smo [Paar] 
Fe fiaaPoweroespan 
Ps 
Ambient Storage (Vcc Off) Temperature | 401070 | 
Pc 


Note: Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or any other conditions above those indicated in the operational section of this 
specification is not implied Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


smiot [Parmer | 
vor [Sse sare 
a 
ew feos 
a a 
a =o 


oe oe 
cn 
oon 
ae 
Logic "1" Voltage All Inputs 
a 


Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°C < Tas +70°C; Vcc min <s Vcc < Vcc max) 


Syms [Pam |i 
a 
el a ae a a 


CMOS Standby Current (Vcc max => E> 
ee Vcc -0.3V) 


tf Input Leakage Current (Any Input) 


Notes : 

1. All voltages referenced to GND. 

2. Negative spikes of -1.0 volt allowed for up to 10 ns once per Cycle. 
3 lec: measured with outputs open. 

4 Measured with Vcc 2 Vi > GND and outputs deselected 
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AC TEST CONDITIONS 


Input Levels 0.0V to 3.0V 


Input and Output Timing 1.5V 
Reference Levels : 


OUTPUT LOAD DIAGRAMS 


spr * 


(B 
VROO0834 


* Includes Scope and Test Jig 


CAPACITANCE 
(Ta = 25°C) 


Capacitance On All Pins (except DQ) 


Notes : 
1. Effective capacitance calculated from the equation C = | AVAV with AV = 3 volts and power supply at 5.0 V. 
2. Measured with outputs deselected. 
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Figure 3. Power Up/Down Waveform 


Vec 
VPFD(max) 


VPFD(min) 
VSO 


tF 
tPD = 
INPUTS K RecocwzeD DON'T CARE RECOGNIZED 


OUTPUTS: “(ers coupon net) } /-— = HIGH Z (PER CONTROL INPUT) 


VAOO06C6 


NOTE : Inputs may not be recognized at this time Caution should be taken to keep E high as Vcc rises past Vprp(min). Some systems may 
perform inadvertent write cycles after Vcc rises above Vprp(min)but before normal system operations begins. Even though a power on reset 
is being applied to the processor a reset condition may not occur until after the system clock ts running. 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(O°C < Ta S$ +70°C) 


Parameter 


tpp E or W at Vin before Power Down 
tr 


VpFp (max) to Vprp (min) Vcc Fall Time 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) 
(0°C < Ta <+70°C) 


Parameter 


Power-fail Deselect Voltage (MK48Z32) 


VPFp Power-fail Deselect Voltage (MK48Z32Y 


Notes: 1. All voltages referenced to GND. 


2. Vero (Max) to Verp (min) fall time of less than te may result in deselection/write protection not occurring until 200 jus after 
Vcc passesSVprp (min). 


3 Vprp (min) to Vso fall time of less than trg may cause corruption of RAM data 
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READ MODE 


The MK482Z32/32Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from eight of 262,144 locations in the 
static storage array. Thus, the unique address spe- 
cified by the 15 Address Inputs defines which one 
of the 32,768 bytes of datais to be accessed. Valid 
data will be available at the Data I/O pins within 
tavav after the last address input signal is stable, 
providing that the Chip Enable and Output Enable 
access times are satisfied. If Chip Enable or Output 
Enable access times are not met, valid data will be 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


(0°C < Ta $ +70°C; Vcc min s Vcc < Vcc a 


Read Cycle Time 
Address Access Time 
Chip Enable Access Time 


tEHaz Chip Disable (E) High to Q High-Z 


Notes : 
1 Measured with load as shown In Figure Apage 4. 
2. Measured with load as shown In Figure B page 4. 


2c 


available at the Chip Enable Access Time (teLav) 
or at Output Enable Access Time (tGLav). 


The state of the eight three-state Data I/O signals 
is controlled by Chip Enable and Output Enable. If 
the Outputs are activated before tavav, the data 
lines will be driven to an indeterminate state until 
tavav. If the Address Inputs are changed while Chip 
Enable and Output Enable remain low, output data 
will remain valid for Output Data Hold Time (taxax) 
but will go indeterminate until the next Address 
Access. 
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Figure 4. Read Timing n° 1 (Address Access) 


tAXQX 


0Q0-DQ7 QYOK DATA VALID KY) 


VRO00828 


Note: E = G=Low, W=High 


Figure 5. Read Timing n° 2 


DQ0—DQ7 x DATA VALID 


NOTE: W=HIGH VROO0829 
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WRITE MODE 


The MK48Z32/32Y is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of Write Enable or Chip Enable. A write is 
terminated by the earlier rising edge of Write En- 
able or Chip Enable. The addresses must be held 
valid throughout the cycle. Chip Enable or Write 


cycle. Data-in must be valid tovwu prior to the end 
of write and remain valid for twHpx afterward. 


Because Output Enable is a Don’t Care in the Write 
Mode and a low on Write Enable will return the 
outputs to High-Z, Output Enable can be tied low 
and two-wire RAM control can be implemented. A 
low on Write Enable will disable the outputs twLaz 
after Write Enable falls. Take care to avoid bus 
contention when operating with two-wire control. 


Enable must return high or for minimum of 
twHax prior to the initiation of another read or write 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(0°C < Ta < +70°C; Voc min < Voc < Vcc max) 


Notes : 
1. Measured with load as shown in Figure B page 4. 
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Figure 6. Write Control Write Cycle Timing 
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Figure 7. Chip Enable Control Write Cycle Timing 
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DATA RETENTION MODE 


With Vcc applied, the MK48Z32/32Y operates as a 
conventional BYTEWIDE™ static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect , write protecting itself when Vcc 
falls within the Vprp (max), VpFp (min) window. 


A mid-cycle power fail may corrupt data at the cur- 
rently addressed location, but does not jeopar-dize 
the rest of the RAM’s content. At voltages below Vprp 
(min), the user can be assured the memory will be in 
a write protected state, providing the Vcc fall time is 
not less than tr. 


The power switching circuit connects external Vcc to 
the RAM and disconnects the battery when Vcc rises 
above Vso. Normal RAM operation can resume trREc 
after Vcc exceeds Vprp (max). Caution should be 
taken to keep E or W high as Vcc rises past Verb 
(min) as some systems may perform inadvertent 
write cycles after Vcc rises but before normal system 
operation begins. 


BACK-UP SYSTEM LIFE 


The useful life of the battery in the 
MK48Z32/32Y is expected to ultimately come 
to an end for one of two reasons: either be- 
cause the effects of aging render the cell use- 
less before it can actually be discharged; or 
because it has been discharged while provid- 


ing currentto an externalload. 


These two effects are virtually unrelated, allowing 
discharge, or Capacity Consumption, and the ef- 
fects of aging, or Storage Life, to be treated as two 
independent but simultaneous battery end-of-life 
mechanisms. 


With Vcc on, the battery is disconnected from 
the RAM and Storage Life becomes the deter- 
mining factor in battery longevity. 


With Vcc off, the MK48Z32/32Y initiates back- 
up mode by switching power from the Vcc input 
to the internal battery. In the back-up mode, 
leakage current drawn by the RAM represents 
the only load on the battery. The load condition 
consumes the cell’s capacity and is therefore 
referred to as Capacity Consumption. Capac- 
ity Consumption is the primary battery end-of- 
life mechanism while the MK482Z32/32Y is in 
the battery back-up mode. 


Battery life is defined as beginning on the date 
of manufacture. Each MK48Z32/32Y is marked 
with a nine digit manufacturing date code in the 
form H99XXYYZZ, example: H995B9231 is 
H - fabricated in Carrollton, TX; 9 - assem- 
bled in Muar, Malaysia; 9 -tested in Muar, 
Malaysia; 5B - lot designator; 9231 - assem- 
bled in the year 1992, work week 31. 


Figure 8. Predicted Battery Storage Life Versus Temperature 
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Storage Life 


Figure 8 illustrates how temperature affects Stor- 
age Life of the MK48Z32/32Y battery. 


Two End-of- Life curves related to Storage Life are 
presented in the Figure 8. They are labeled "Aver- 
age" (ti%), and "Average" (ts0%). These terms 
define the probability that a given number of 
failures will accumulate by a particular point in time. 
If, for example, a battery’s expected life at 70°C is 
an issue, Figure 8 indicates that an MK48Z32/32Y 
has a 1% chance of having a baittery failure 11 
years into its life and a 50% chance of failure at the 
20 year time. Conversely, given a sample of de- 
vices, 1% of them can be expected to experience 
a battery failure within 11 years and 50% of them 
within 20 years. 
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Capacity Consumption Life 


Figure 8 also shows how Capacity Consumption 
varies with temperature. 


The MK48Z32/32Y battery cell has a minimum 
rated capacity of 39 mAh. The RAM, in battery- 
backed mode, places a nominal load of 445nA at 
70 °C. Atthis rate, the MK482Z32/32Y will consume 
the capacity of the battery cell in 87,600 hours or 
about 10 years. 


As long as ambient temperature is held reasonably 
constant, expected Capacity Consumption Life can 
be estimated directly from the curve in Figure 8. As 
Vcc Duty Cycle increases, though, so does Capac- 
ity Consumption Life. At 70 °C and 20% power on 
Duty Cycle, the Capacity Consumption Life is: 


10/(1-0.20) = 12.5 years. 


Estimating Back-up System Life 


Either Storage or Capacity Consumption can end 
the System Life of the MK48Z32/32Y. Since these 
mechanisms are independent, the lower of the two 
estimated lifetimes defines the Battery Life. At 
70°C the System Life of the MK48Z32/32Y would 
be at least 10 years. 
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ORDERING INFORMATION 


Example: MK482Z32 B 70 


B PHDIP28 70 70ns 
12 120ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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M482128 
M48Z128Y 


CMOS 128K x 8 ZEROPOWER SRAM 


PRELIMINARY DATA 


=» INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND BATTERY 


=» CONVENTIONAL SRAM OPERATION; UN- 
LIMITED WRITE CYCLES 


=» 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 


= COMPATIBLE WITH INDUSTRY STANDARD 
128K x 8 SRAMS 


» AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 


=» DUAL WRITE PROTECT VOLTAGES: 
— M482Z128 4.55V<Vprps 4.75V 
— M48Z128Y 4.30V < Vprp < 4.50V 


=» BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED 


DESCRIPTION 


The M48Z128/128Y 128K x 8 ZEROPOWER™ 
RAM is a non-volatile 1,048,576 bit SRAM organ- 
ized as 131,072 words by 8 bits. The device com- 
bines an internal lithium battery and a full CMOS 
SRAM in a plastic 32 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMSs. 
It also fits into many EPROM and EEPROM sock- 
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita- 
tions on the number of writes that can be per- 
formed. 


The M48Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
battery which sustains data until valid power re- 
turns. ; 
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PMDIP32 Module 


Figure 1. Pin Connections 
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PIN NAMES 


AQ-Ai6 = Address Input | Vcc +5 Volts 


= W Write Enable 
E Chip Enable }— 
G Output Enable 
GND Ground DQO0-DQ7 _ Data In/Data Out 
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Figure 2. Block Diagram 


VOLTAGE SENSE 


AND 131,072 X8 


SWITCHING 
SRAM ARRAY 
CIRCUITRY 


+ | INTERNAL 


7 BATTERY 


TRUTH TABLE 


Vit 
Vit 


< Vprp(Min) 


> Vso 
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ABSOLUTE MAXIMUM RATINGS 


— Voltage on Vcc Pin Relative to GND -0.3 to 7.0 
Voltage on any ms ane an : 
ieee Storage Temperature -40 to +70 p= 


Temperature Under Bias -10 to +70 


‘Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 
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V Logic "1" Voltage All Inputs 


Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°C< Ta <+70°C; Vcc min < Vcc < Voc max) 


Ce 
[ss [are ec Pome ssbeuren(Evy | | 73 vos | ma | as 
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Notes: 1. All voltages referenced to GND. 
2. Icc1 measured with outputs open. 
3 Measured with OVs Vis 02VorViz= Vcc- 0.2V 
4. Measured with Vec= Vi= GND and outputs deselected 
5. Typical values indicate operation at Ta=25°C and Vcc=5V. 
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AC TEST CONDITION 


Input Levels 0.0V to 3.0V 


Input and Output Reference 15V 
Levels 


OUTPUT LOAD DIAGRAMS 


* Includes Scope and Test Jig. 


CAPACITANCE (Ta = 25°C, f=1MHz) 


Notes: 1. Effective capacitance measured with power supply at 5 0 V. 
2. These parameters are sampled and not 100% tested 
3. Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


DON'T CARE 


ie 


ALL OUTPUTS VALID / VALID 
(PER CONTROL INPUTS) Mente (PER CONTROL INPUTS) 


AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(°C < Tas +70°C) 


[symici [| Pemaer in 
Te [areionaivvecrantne ito 
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Vso to Verp (Max) Vcc Rise Time 


E Recovery Time 


DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(0°C < Ta< +70°C) 


(a a ee 

VPFD Power- Fail Deselect Voltage (M48Z128Y) Pater eT ae 
A 
[ton [DasRaononTineinassecootven | | |_| wears | 9 


Notes: 1. Typical values indicate operation at Ta=25C and Vcc=5V. 
2. All voltages referenced to GND. 
3. ton is the accumulated time in absence of power from the time Vcc Is first applied. tor is specified @ 25°C. 
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DATA RETENTION MODE 


With valid Vcc applied, the M48Z128/128Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twe after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


lf power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 


READ MODE 
The M4821 28/1 28Y is in the Read Mode whenever 


W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from eight of 1,048,576 locations in 
ihe static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 
one of the 131,072 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 


write protection takes place. When Vcc drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cell will maintain data in the 
M48Z128/128Y after the initial application of Vcc 
for an accumulated period of atleast 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the battery is disconnected, 
and the power supply is switched to external Vcc. 
Write protection continues for ter after Vcc reaches 
Vprp to allow for processor stabilization. After ter, 
normal RAM operation can resume. 


isfied. If the E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(tGLav). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


(°C < Tas+ 70°C; Vcc mins Vcc< Vcc max) 


Parameter 
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Notes: 1. Measured with load as shown in Figure A page 4. 
2 Measured with load as shown in Figure B page 4 
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Figure 4. Read Timing n° 1 (Address Access) 


Note: E=G-=Low,W=High 


Figure 5. Read Timing n° 2 


OK ee we SSD 


Note: W = High 
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WRITE MODE to the initiation of another read or write cycle. 


The M48Z128/128Y is in the Write Mode whenever Data-in must be valid tovwu prior to the end of write 
W and E are active. The start of a write is refer- and remain valid for twHpx or teHpx afterward. G 
enced from the latter occurring falling edge of Wor Should be kept high during write cycles to avoid bus 
E. Awrite is terminated by the earlier rising edge «Contention; although, if_the output bus has_been 
of W or E. The addresses must be held valid activated by a low on E and G, a low on W will 
throughout the cycle. E or W must return high for ‘disable the outputs twiaz after W falls. 

minimum of teHax from E or twHax from W prior 


AC ELECTRICAL CHARACTERISTICS dlhles Cycle) 
(°C <Tas<+ 70°C; Vec min< Vec<s Vcc max) 


Address Set-up Time to W Low =a 
Address Set-up Time to E Low pe 


cs [le 
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Notes: 1. Measured with load as shown tn Figure B page 4 
2. If E goes low simultaneously with W going low or after W going low, the outputs remain tn the high-impedance state. 
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Figure 6. Write Control Write Cycle Timing 


Figure 7. Chip Enable Control Write Cycle Timing 
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ORDERING INFORMATION 


Example: M482Z128 -85 PM 1 


Temperature Range 


-85 85 ns PM PMDIP32 1 Oto 70°C 
-120 120 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M462128 
M462Z128Y 


CMOS 128K x 16 ZEROPOWER SRAM 


PRELIMINARY DATA 


=» INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND BATTERY 


» CONVENTIONAL SRAM OPERATION; UN- 
LIMITED WRITE CYCLES 


=» 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 


=» COMPATIBLE WITH INDUSTRY STANDARD 
128K x 16 SRAMS 


» AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 


=" DUAL WRITE PROTECT VOLTAGES: 
—M46Z128 4.55V<Vppp< 4.75V 
—M462128Y 4.30V <Vprp < 4.50V 


= BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 


DESCRIPTION 


The M46Z128/128Y 128K x 16 ZEROPOWER™ 
RAM is a non-volatile 2,097,152 bit SRAM organ- 
ized as 131,072 words by 16 bits. The device 
combines internal lithium batteries and full CMOS 
SRAMs in a plastic 40 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock- 
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita- 
tions on the number of writes that can be per- 
formed. 


The M462Z128/128Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
turns. 
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PMDIP40 Module 


Figure 1. Pin Connections 
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PIN NAMES 


AO-A16 ~— Address Input | Vcc +5 Volts 


- W Write Enable 
E Chip Enable }— 
G Output Enable 


GND Ground DQO0-DQ15_ Data In/Data Out 
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Figure 2. Block Diagram 


VOLTAGE SENSE 


AND 
SWITCHING 


2 X 131,072 X 8 
SRAM ARRAY 
CIRCUITRY 


+ INTERNAL 


7 BATTERIES 


TRUTH TABLE 


planaby 


High Z 


Deselect High Z CMOS 
Standby 
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ABSOLUTE MAXIMUM RATINGS - 


ae a oe 
Relative to GND (Vt < Vcc+0.3) 
— “aa a ae 


Temperature Under Bias -10 to +70 


"Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated n the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability 


CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage ( M46Z128) 
Supply Voltage (M46Z128Y) 


Supply Voltage 


Logic "1" Voltage All Inputs 


Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°Cs Ta <+70°C; Vcc min < Vcc < Vcc max) 


[tapas ves Poversipy Curvy |__| os _| 200 | ma | a5 
a 
ew CMOS Standby Current ( E > Vcc -0.2V) | as | 5 | om | 35 | 
Te rotestaae corentanyenn | || | om | 
ta fouetssinecoren ST | dt | wm | 
= Output Logic "1" Voltage ( lout =-1.0 mA) oe eee eee ee 
Output Logic "0" Voltage (lout = +2.1 mA) ee ee 


:1. All voltages referenced to GND 

2. Icc: measured with outputs open 

3 Measured with OVs Vis 0.2V or Vi> Vec- 0.2V. 
4 

5 


Measured with Vcc > Vi= GND and outputs deselected 
. Typical values indicate operation at Ta=25°C and Vcc=5V. 
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AC TEST CONDITION 


Input Levels 0.0V to 3.0V 


Input and Output Reference 
Levels 


OUTPUT LOAD DIAGRAMS 


* Includes Scope and Test Jig. 


CAPACITANCE (Ta = 25°C, F=1MHz) 


Notes: 1. Effective capacitance measured with power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


DON'T CARE 


eg te Wie eee 


VALID 
(PER CONTROL INPUTS) 


ALL OUTPUTS VALID 


(PER CONTROL INPUTS) ‘ 


-———__— HIGHZ 


AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(0°C < Ta< +70°C) 


referee 
inertness [ee | 
a 


DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(OC <Tas+/00C) 


ps Battery Back-Up Switchover Voltage 


Notes: 1. Typical values indicate operation at Ta=25C and Vcc=5V. 
2. All voltages referenced to GND. 
3. tor is the accumulated time in absence of power from the time Vcc is first applied. tor is specified @ 25°C 
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DATA RETENTION MODE 


With valid Vcc applied, the M46Z128/128Y oper- 
ates as a conventional static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself twp after 
Vcc falls below Vprp. All outputs become high 
impedance, and all inputs are treated as "don’t 
care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 


READ MODE 
The M46Z1 28/1 28 is in the Read Mode whenever 


W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from sixteen of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 17 Address Inputs defines which 
one of the 131,072 words of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 


write protection takes place. When Vcc drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M46Z128/128Y after the initial application of Vcc 
for an accumulated period of at least 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after 
Vcc reaches Vpep to allow for processor stabiliza- 
tion. After ter, normal RAM operation can resume. 


isfied. Ifthe E and G access times are not met, valid 
data will be available after the latter of Chip Enable 
Access Time (tELqv) or Output Enable Access Time 
(tGLav). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and Gremain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 
(°C <Tas+ 70°C, Veco min< Vecs Vcc max) 


Notes: 1 Measured with load as shown tn Figure A page 4. 
2. Measured with load as shown in Figure B page 4. 
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Figure 4. Read Timing n° 1 (Address Access) 


DQ 9- 
DQ 45 


Note: E=-G= Low, W = High 


Figure 5. Read Timing n° 2 


tGLav 


Cr 


Note: W = High 


: 7/10 
ky SSS 


947 


M462128, M46Z128Y 


WRITE MODE 


The M46Z128/128Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
throughout the cycle. E or W must return high for 
minimum of teHax from E ortwHax from W prior 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(°C <Tas+ 70°C, Vecmin< Vecs Vcc max) 


Symbol Parameter 


Write Cycle Time 


W Low to Q High-Z 


Notes: 1. Measured with load as shown in Figure B page 4. 
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to the initiation of another read or write cycle. 
Data-in must be valid tovwu prior to the end of write 
and remain valid for twHpx or teHpx afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if the output bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twLaz after W falls. 


462128/128Y-85 | 46Z128/128Y-120 on 
ps | | | | ns 


45 
10 


1,2 


pf | ns 
pots | ns | 
ae ee ee 
pf to | | ns | 
pfs | ns | 
ae a ee 
ee 
ee 


1,2 


2 If E goes low simultaneously with W going low or after W going low, the outputs remain in the high-impedance state. 
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Figure 6. Write Control Write Cycle Timing 
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ORDERING INFORMATION 


Example: M46Z128 -85 PM 1 


Temperature Range 


-85 85 ns PM PMD!P40 1 Oto 70°C 
-120 120 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M462Z256 
M46Z256Y 


CMOS 256K x 16 ZEROPOWER SRAM 


PRELIMINARY DATA 


=» INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND BATTERY 


» CONVENTIONAL SRAM OPERATION; UNLIM- 
ITED WRITE CYCLES 


=» 5 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 


=» COMPATIBLE WITH INDUSTRY STANDARD 
256K x 16 SRAMS 


=» AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 


= DUAL WRITE PROTECT VOLTAGES: 
—M46Z256 4.55V <Vprp< 4.75V 
— M46Z256Y 4.30V <Vprp < 4.50V 


=» BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 


DESCRIPTION 


The M462Z256/256Y 256K x 16 ZEROPOWER™ 
RAM is a non-volatile 4,194,304 bit SRAM organ- 
ized as 262,144 words by 16 bits. The device 
combines internal lithium batteries and full CMOS 
ORAMs in a plastic 40 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock- 
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita- 
tions on the number of writes that can be per- 
formed. 


The M462256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
turns. 


January 1992 


1 
PMDIP40 Module 


Figure 1. Pin Connections 
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PIN NAMES 


AO-A17 Address gil Vcc +5 Volts 


Write Enable 
Chip Enable 
Output Enable 
ass Say 
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Figure 2. Block Diagram 


VOLTAGE SENSE 


AND 
SWITCHING 


4X 131,072 X 8 
SRAM ARRAY 


CIRCUITRY 


+ | INTERNAL 


| BATTERIES 


TRUTH TABLE 


[ope [ba [_ POWER 
High Z Standby 


Deselect High Z CMOS 
Standby 
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ABSOLUTE MAXIMUM RATINGS © 


a 

Voltage on Vcc Pin Relative to GND -0.3 to 7.0 — 
Voltage on any Pin uae ae ; 

ed Ambient Operating Temperature 0 to +70 

Ambient Storage Temperature -40 to +70 


Temperature Under Bias -10 to +70 << 


“Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 
es 


Logic “1" Voltage All Inputs 
Logic “O" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°Cs Ta S+70°C; Vcc min s Vcc < Vcc max) 


[smbo[ emer | wn | 
[trae Vor Powe Seay GrenE=va | Dna | 28 
Tie [risen corenEwo SY || mm 
gr a 
Sto | Output Leakage Current Pe 

| Von Output Logic “1" Voltage ( lout =-1.0 mA) eal 

xs Output Logic “O” Voltage (lout = +2.1 mA) an i 


. All voltages referenced to GND. 
Icc1 measured with outputs open. 
Measured with OVS Vis 0.2VorVi= Vcc- 0 2V. 
. Measured with Vcc 2 Vi2 GND and outputs deselected 
. Typical values indicate operation at Ta=25°C and Vcc=5V. 
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AC TEST CONDITION 


Input Levels 0.0V to 3.0V 


Input and Output Reference 
Levels 


OUTPUT LOAD DIAGRAMS 


* Includes Scope and Test Jig. 


CAPACITANCE (Ta = 25°C, F=1MHz) 


Note: 1. Effective capacitance measured with power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


ALL OUTPUTS VALID 
(PER CONTROL INPUTS) (PER CONTROL INPUTS) 


AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(OC < Tas +70°C) 


Write Protect Time from Vcc=Vprp 


Vso to Verp (Max) Vcc Rise Time 
E Recovery Time 


DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(OC <Tas+70°C) 


Power- Fail Deselect Voltage (M46Z256) 
Power- Fail Deselect Voltage (M46Z256Y) 
3 


Battery Back-Up Switchover Voltage ae ee 
| ton | Data Retention Time in Absence of Vcc pos | | 


Notes: 1. Typical values indicate operation at Ta=25C and Vcc=5V 
2. All voltages referenced to GND. 
3. tor is the accumulated time in absence of power from the time Vcc Is first applied tor Is specified @ 25°C. 
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DATA RETENTION MODE 


With valid Vcc applied, the M46Z256/256Y oper- 
ates as a conventional static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself twe after 
Vcc falls below Vprp. All outputs become high 
impedance, and all inputs are treated as "don’t 
care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 


READ MODE 


The M46Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from sixteen of 4,194,304 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 
one of the 262,144 words of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 


write protection takes place. When Vcc drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M462Z256/256Y after the initial application of Vcc 
for an accumulated period of at least 5 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after 
Vcc reaches Vpep to allow for processor stabiliza- 
tion. After ter, normal RAM operation can resume. 


isfied. If the E and G access times are not met, valid 
data will be available after the latter of Chip Enable 
Access Time (tELav) or Output Enable Access Time 
(taLav). 


The state of the eight three-state Data I/O signals 
is controlled by E andG. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


(°C < Tas+ 70°C, Vee mins Vecs Vcc max) 


Notes: 1. Measured with load as shown in Figure A page 4. 
2. Measured with load as shown in Figure B page 4. 
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Figure 4. Read Timing n° 1 (Address Access) 


DO. 
DQ 45 


Note: E=G= Low, W = High 


Figure 5. Read Timing n° 2 


'GLOQV 


OK eae SSS 


Note: W = High 
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WRITE MODE 


The M462Z256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of Wor 
E. Awrite is terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
throughout the cycle. E or W must return high for 
minimum of teHax from E or twHax from W prior 


AC ELECTRICAL CHARACTERISTICS elt Cycle) 


(°C <Tas+ 70°C, Vee mins Vecs Vcc max) 


Notes: 1 Measured with load as shown in Figure B page 4 


| 462256/256V-85 
Symbol Parameter 


te 
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to the initiation of another read or write cycle. 
Data-inmustbevalidtpvwu prior to the end of write 
and remain valid for twHpx or teHDx afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if the output bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twLaqz after W falls. 


462256/256Y-120 


~ 
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2 If E goes low simultaneously with W going low or after W going low, the outputs remain in the high-impedance state 
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Figure 6. Write Control Write Cycle Timing 
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tELEH 
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ORDERING INFORMATION 


Example: M462256 -85 PM 1 


Temperature Range 


-85 85 ns PM PMDIP40 1 Oto70°C 
-120 120 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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CMOS 256K x 8 ZEROPOWER SRAM 


PRELIMINARY DATA 


=» INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND BATTERY 


» CONVENTIONAL SRAM OPERATION; UN- 
LIMITED WRITE CYCLES 


=# 10 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 


# COMPATIBLE WITH INDUSTRY STANDARD 
256K x 8 SRAMS 


» AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 


= DUAL WRITE PROTECT VOLTAGES: 
— M48Z256 4.55V < Vprp < 4.75V 
— M48Z256Y 4.30V < VpFp < 4.50V 


=» BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 


DESCRIPTION 


The M48Z256/256Y 256K x 8 ZEROPOWER™ 
RAM is a non-volatile 2,097,152 bit SRAM organ- 
ized as 262,144 words by 8 bits. The device com- 
bines internal lithium batteries and full CMOS 
SRAMs in a plastic 32 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock- 
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita- 
tions on the number of writes that can be per- 
formed. 


The M48Z256/256Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
turns. 
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PMLDIP32 Module 


Figure 1. Pin Connections 
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PIN NAMES 


AO0-Ai7 Address aleid bs Vec +5 Volts 


— oe Enable 
Chip Enable 
Output Enable _| Enable 


ss ar — fo =< 
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Figure 2. Block Diagram 


VOLTAGE SENSE 


AND 
SWITCHING 


2 X 131,072 X8 
SRAM ARRAY 


CIRCUITRY 


INTERNAL 
BATTERIES 


TRUTH TABLE 


< Vcc(Max) 


High Z 


High Z Standby 


> Vec(Min) 


< VpFp(Min) 


> Vso 


a ee ee ee 
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ABSOLUTE MAXIMUM RATINGS — 


| Vp Voltage on Vcc Pin Relative to GND -0.3 to 7.0 
Voltage on any Pin aera ine 
Ambient Storage Temperature -40 to +70 


Temperature Under Bias -10 to +70 


"Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


a ee 
[veo [svnvvomontnaezasy +f ams [as |v 
ee formers Las asf 


Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°C< Ta <+70°C; Vcc min < Vcc < Vcc max) 


Average Vcc Power =upey Current ( E= Vit) 
Pio [rswercwentews | [ee om 
Tteex_[ow0s Sansty Cwren(Eevecoay | | 25 | « | ma | a5 
a 
a aerate ee 
Output Logic "1" Voltage ( lout =-1.0 mA) eae he ae 
Output Logic "0" Voltage (lout = +2.1 mA) ee he 


:1. All voltages referenced to GND. 

2. Icc1 measured with outputs open. 

3. Measured with OVS Vis 0.2VorVi2 Vec- 0.2V. 
4 

5 


. Measured with Vcc2 Vi2= GND and outputs deselected. 
. Typical values indicate operation at Ta=25°C and Vcc=5V. 
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AC TEST CONDITION 


Input Levels 


Input and Output Reference 
Levels 


OUTPUT LOAD DIAGRAMS 


* Includes Scope and Test Jig. 


Notes: 1. Effective capacitance measured with power supply at 5.0 V. 
2 These parameters are sampled and not 100% tested. 
3 Measured with outputs deselected 


CAPACITANCE (Ta = 25°C, f=1MHz) 
( 
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Figure 3. Power Down/Up Timing 


Pp 


DON'T CARE 


ALL OUTPUTS VALID 
(PER CONTROL INPUTS) 


AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(OC < Tas +70C) 


Vso to Vprp (Max) Vcc Rise Time 


ter E Recovery Time 


DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 
(°C < Ta <+70°C) 


Power- Fail Deselect Voltage (M48Z256) 


Power- Fail Deselect Voltage (M48Z256Y) 


M48Z256, M48Z256Y 


VALID 
(PER CONTROL INPUTS) 


Battery Back-Up Switchover Voltage 
Data Retention Time in Absence of Vcc 10 Co YEARS 


Notes: 1. Typical values indicate operation at Ta=25C and Vcc=5V. 
2. All voltages referenced to GND. 
3 tor is the accumulated time in absence of power from the time Vcc is first applied. tor is specified @ 25°C. 
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DATA RETENTION MODE 


With valid Vcc applied, the M48Z256/256Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twe after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


lf power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 


READ MODE 


The M48Z256/256Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from eight of 2,097,152 locations in 
the static storage array. Thus, the unique address 
specified by the 18 Address Inputs defines which 
one of the 262,144 bytes of data is to be accessed. 
Valid data will be available at the Data I/O pins 
within tavav (Address Access Time) after the last 
address input signal is stable, providing that the E 
and G (Output Enable) access times are also sat- 


write protection takes place. When Vcc drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M48Z256/256Y after the initial application of Vcc 
for an accumulated period of atleast 10 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after 
Vcc reaches Vpep to allow for processor stabiliza- 
tion. After ter, normal RAM operation can resume. 


isfied. Ifthe E and G access times are not met, valid 
data will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(tgLav). 


The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and Gremain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


AC ELECTRICAL CHARACTERISTICS veo Cycle) 


(°C < Tas+ 70°C, Vec mins Vecs Vcc max) 


tAVAV Read ReadCycleTime = ss Time 


Notes: 1. Measured with load as shown in Figure Apage 4. 
2. Measured with load as shown in Figure B page 4. 
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Figure 4. Read Timing n° 1 (Address Access) 


Note: E=G= Low, W = High 


Figure 5. Read Timing n° 2 


tGLQV 


OK me 


Note: W = High 
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WRITE MODE 


The M482256/256Y is in the Write Mode whenever 
W and E are active. The start of a write is refer- 
enced from the latter occurring falling edge of W or 
E. Awrite is terminated by the earlier rising edge 
of W or E. The addresses must be held valid 
throughout the cycle. E or W must return high for 
minimum of teHax from E or twHax from W prior 


to the initiation of another read or write cycle. 
Data-in must be valid tovwu prior to the end of write 
and remain valid for twHpx or teHpx afterward. G 
should be kept high during write cycles to avoid bus 
contention; although, if the output bus has been 
activated by a low on E and G, a low on W will 
disable the outputs twiaz after W falls. 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 


(°C <Tas+ 70°C, Vee mins Vecs Vcc max) 


Notes: 1. Measured with load as shown in Figure B page 4. 


2 
[wx [osetia om wise | 0 | [0 | 
[icon [oaatioa ie omcnpenaie | | | | |» | 
wr |Wihicondie Sid 

[mar |Wumwonnz i Lm] | [wf 


48Z256/256Y-85 | 482256/256Y-120 


po | fo] 
po | ts} 
po | | 
po | fs] 
pes | fs] 
ae sone 
i | fs | 
p00 | fT 
6 | fos] 
pos | 


ee ee ee 


2. If E goes low simultaneously with W going low or after W going low, the outputs remain in the high-impedance state. 
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Figure 6. Write Control Write Cycle Timing 


Figure 7. Chip Enable Control Write Cycle Timing 
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ORDERING INFORMATION 


Example: M48Z256 -85 PL 1 


Temperature Range 


-85 85 ns PL = PMLDIP32 1 Oto70°C 
-120 120 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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M482512 
M482Z512Y 


CMOS 512K x 8 ZEROPOWER SRAM 


PRELIMINARY DATA 


=» INTEGRATED LOW POWER SRAM, POWER- 
FAIL CONTROL CIRCUIT AND BATTERY 


» CONVENTIONAL SRAM OPERATION; UN- 
LIMITED WRITE CYCLES 


# 5 YEAR MINIMUM DATA RETENTION IN THE 
ABSENCE OF POWER 


=» COMPATIBLE WITH INDUSTRY STANDARD 
512K x 8 SRAMS 


= AUTOMATIC POWER-FAIL CHIP DESELECT 
AND WRITE PROTECTION 


=» DUAL WRITE PROTECT VOLTAGES: 
—M48Z512 4.55V <Vpep< 4.75V 
— M482Z512Y 4.30V < Vpep < 4.50V 


» BATTERY INTERNALLY ISOLATED UNTIL 
POWER IS APPLIED. 


DESCRIPTION 


The M482Z512/512Y 512K x 8 ZEROPOWER™ 
RAM is a non-volatile 4,194,304 bit SRAM organ- 
ized as 524,288 words by 8 bits. The device com- 
bines internal lithium batteries and full CMOS 
SRAMs in a plastic 32 pin DIP. The ZEROPOWER 
RAM directly replaces industry standard SRAMs. 
It also fits into many EPROM and EEPROM sock- 
ets, providing the nonvolatility of PROMs without 
any requirement for special write timing or limita- 
tions on the number of writes that can be per- 
formed. 


The M48Z512/512Y has its own Power-fail Detect 
Circuit. The control circuitry constantly monitors 
the single 5V supply for an out of tolerance condi- 
tion. When Vcc is out of tolerance, the circuit write 
protects the SRAM, providing a high degree of data 
security in the midst of unpredictable system oper- 
ations brought on by low Vcc. As Vcc falls below 
approximately 3V, the control circuitry connects the 
batteries which sustain data until valid power re- 
turns. 
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PMLDIP32 Module 


Figure 1. Pin Connections 
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PIN NAMES 


AQ-A18 Address da Vec +5 Volts 
——e Enable 
Chip Enable 
[Output Enable Enable 
as Daa ba 


1/10 


971 


M482512, M48K512Y 


Figure 2. Block Diagram 


VOLTAGE SENSE 


AND 
SWITCHING 


4X 131,072 X 8 


SRAM ARRAY 
CIRCUITRY 


+ | INTERNAL 


7 BATTERIES 


E- A17-A18 


TRUTH TABLE 
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ABSOLUTE MAXIMUM RATINGS © 


Voltage on any Pin excluding Vcc ; 
Relative to GND (Vr < Voc+0.3) 0.3 to 7.0 V 
Ambient Storage Temperature -40 to +70 


Temperature Under Bias -10 to +70 


"Stresses greater than those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This Is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below -0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 


Supply Voltage (M48Z512) 
Supply Voltage (M48Z512Y) 


Supply Voltage 


Vit Logic "0" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(O°Cs Ta <+70°C; Vec min < Vcc < Vcc max) 


Average Vcc Power Supply Current ( E= Vit) ee A 2,5 

Tics [ruserawrcmencevo «|S | | mm | 
CMOS Standby Current ( E> Vcc -0.2V) | | as | 5 | mj | 35 | 
i [opatege corer dT fT | | 
Tia foweutonacmen Sd | | | 
Output Logic "1" Voltage ( lout =-1.0 mA) Pee we al a 
[va [oapuizae averse teurmzrna |__| |e |v [+ 


Notes: 1. All voltages referenced to GND. 

. lec: measured with outputs open. 

. Measured with OVs Vis 0.2VorVi2 Vcc- 0.2V. 

. Measured with Vcc= Vi2= GND and outputs deselected. 
. Typical values indicate operation at Ta=25°C and Vcc=5V. 
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AC TEST CONDITION 


Input Levels 0.0V to 3.0V 


Input and Output Reference 1.5V 
Levels 


OUTPUT LOAD DIAGRAMS 


* Includes Scope and Test Jig. 


CAPACITANCE (Ta = 25°C, f=1MHz) 


Notes: 1. Effective capacitance measured with power supply at 5.0 V. 
2. These parameters are sampled and not 100% tested. 
3. Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


DON'T CARE 


/ 


ALL OUTPUTS VALID / 
(PER CONTROL INPUTS) nee (PER CONTROL INPUTS) 


AC ELECTRICAL CHARACTERISTICS (Power down/up Timing) 
(°C < Tas +70°C) 


[smo | __rwameer =m | we | wx | Unt | vow 
Pe |arsaaiiccrartme | am | | | | 
Tie |easiovioveerartim + | || = | 
we |wePetinctomveavnn | 0 | vw | mo | = | + 
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DC ELECTRICAL CHARACTERISTICS (Power down/up Trip Points) 


(0°C < Ta < +70°C) 

ae a a Se 
Power- Fail Deselect Voltage (M48Z512) | ass | 462 | 475 | vio | 12. 
Power- Fail Deselect Voltage (M48Z512Y) | 430 | 437 | 450 | ve | 12 
RN 


Notes: 1. Typical values indicate operation at Ta=25C and Vcc=5V. 
3. tonis the accumulated time in absence of power from the time Vcc is first applied. tor is specified @ 25°C 


2. All voltages referenced to GND. 
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DATA RETENTION MODE 


With valid Vcc applied, the M482512/512Y oper- 
ates as a conventional BYTEWIDE™ static RAM. 
Should the supply voltage decay, the RAM will 
automatically power-fail deselect, write protecting 
itself twe after Vcc falls below Vprp. All outputs 
become high impedance, and all inputs are treated 
as "don’t care." 


If power fail detection occurs during a valid access, 
the memory cycle continues to completion. If the 
memory cycle fails to terminate within the time twp, 


READ MODE 


The M48Z512/512Y is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess of data from eight of 4,194,304 locations in the 
static storage array. Thus, the unique address spec- 
ified by the 19 Address Inputs defines which one of 
the 524,288 bytes of data is to be accessed. Valid 
data will be available at the Data I/O pins within 
tavav (Address Access Time) after the last address 
input signal is stable, providing that the E and G 
(Output Enable) access times are also satisfied. If 


write protection takes place. When Vcc drops 
below Vso, the control circuit switches power to the 
internal energy source which preserves data. The 
internal coin cells will maintain data in the 
M48Z512/512Y after the initial application of Vcc 
for an accumulated period of at least 5 years when 
Vcc is less than Vso. As system power returns and 
Vcc rises above Vso, the batteries are discon- 
nected, and the power supply is switched to exter- 
nal Vcc. Write protection continues for ter after 
Vcc reaches Vprp to allow for processor stabiliza- 
tion. After ter, normal RAM operation can resume. 


the E and G access times are not met, valid data 
will be available after the later of Chip Enable 
Access Time (teLav) or Output Enable Access Time 
(taLav). 


The state of the eight three-state Data I/O signals 
is controlled by E and G. If the outputs are activated 
before tavav, the data lines will be driven to an 
indeterminate state until tavav. If the Address In- 
puts are changed while E and G remain low, output 
data will remain valid for taxax (Output Data Hold 
Time) but will go indeterminate until the next Ad- 
dress Access. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


(°C < Tas+ 70°C; Vcc min < Vecs Vcc max) 


482Z512/512Y-85 | 482512/512Y-120 


Cn 
fe 
fe 
sor fone nastiness | 
rs 
a 
Daa 
ea 
= 


ne 
sD [ef [om 
Ce fm 
Pee fa [we 
Tse f= [wf 
Ce ft 


Notes: 1. Measured with load as shown in Figure A page 4. 
2 Measured with load as shown in Figure B page 4. 
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M482512, M48K512Y 


Figure 4. Read Timing n° 1 (Address Access) 


Note: E = G = Low, W = High 


Figure 5. Read Timing n° 2 


tGLav 


OK on we SSS 


Note: W = High 
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WRITE MODE to the initiation of another read or write cycle. 
The M48Z512/512Y is inthe Write Mode whenever _—-Vata-in must be valid tovw prior to the end of write 
W and E are active. The start of a write is refer- and remain valid for twHpx or teHpx afterward. G 


enced from the later occurring falling edge of Wor Should be kept high during write cycles to avoid bus 
E. Awrite is terminated by the earlier rising edge CONtention; although, if_ the output bus has_been 
of W or E. The addresses must be held valid 2ctivated by a low on E and G, a low on W will 
throughout the cycle. E or W must return high for ‘disable the outputs twiaz after W falls. 

minimum of teHax from E ortwHax from W prior 


AC ELECTRICAL CHARACTERISTICS (Write Cycle) 
(°C <Tas+ 70°C, Vee mins Vecs Vcc max) 


Address Set-up Time to W Low 
Address Set-up Time to E Low 


Address Hold after End of Write S 
Address Hold Time from Chip Enable 15 


r 


Notes: 1 Measured with load as shown in Figure B page 4 = 
2. If E goes low simultaneously with W going low or after W going low, the outputs remain in the high-impedance state. 
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M48Z512, M48K512Y 


Figure 6. Write Control Write Cycle Timing 
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ORDERING INFORMATION 


Example: M48Z512 -85 PL 1 


Temperature Range 


-85 85 ns PL PMLDIP32 1 Oto70°C 
-120 120 ns 


For a list of available options of Speed, Package and Temperature Range refer to the Selector Guide in 
this Data Book or the current Memory Shortform that will be periodically up-dated. 


For further information on any aspect of this device, please contact our Sales Office nearest to you. 
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TIMEKEEPER MEMORIES 


(7 SGS-THOMSON 
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CMOS 64 x 8 SERIAL ACCESS TIMEKEEPER SRAM 


# COUNTERS FOR SECONDS, MINUTES, 
HOURS, DAY, DATE, MONTH AND YEARS 


= SOFTWARE CALIBRATION 


» AUTOMATIC POWER FAIL DETECT AND 
SWITCH CIRCUITRY 


= |?C BUS COMPATIBLE 
= 56 BYTES OF GENERAL PURPOSE RAM 


=» ULTRA-LOW BATTERY SUPPLY CURRENT OF 


500nA PSDIP8 (N) 
0.4 mm Frame 


Figure 1. Pin Connection 


DESCRIPTION 


The MK41T56 TIMEKEEPER™ RAM is a low 
power 512-bit static CMOS RAM organized as 64 
words by 8 bits. A built-in 32.768 kHz oscillator 
(externally crystal controlled) and the first 8 bytes 
of the RAM are used for the clock/calendar function 
and are configured in BCD format. Addresses and 
data are transferred serially via a two-line bi-direc- 
tional bus. The built-in address register is incre- 
mented automatically after each written or read 
data byte. The MK41T56 clock has a built-in power 
sense circuit which detects power failures and au- 
tomatically switches to the battery supply during 
power fail-ures. The energy needed to sustain the 
RAM and clock operations can be supplied from a 
small lithium button cell. Typical data retention time 
is in excess of 10 years with a 38 mAh 3 volts 
lithium cell. The MK41T56 clock is supplied in a 
8-pin dual-in-line plastic package. 


7 FT/OUT 


VAO0OO0S85 
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MK41T56 


Figure 2. Block Diagram 


OSCI 
OSCILLATOR 


32 768 KHz 
OSCO 


FT/OUT 


Vcc 
GND 
BATT 


POWER ON 
RESET. 


SERIAL 
BUS 
INTERFACE 


OPERATION 


The MK41T56 clock operates as a slave device on 
the serial bus. Access is obtained by implementing 
a start condition followed by the correct address 
(DO). The 64 bytes contained in the device can then 
be accessed sequentially in the following order : 


DIVIDER 
CONTROL 
LOGIC 


RAM 
(56X8) 


The MK41T56 clock continually monitors Vcc for 
an out of tolerance condition. Should Vcc fall below 
Vprp the device terminates an access in progress 
and resets the device address counter. Inputs to 
the device will not be recognized at this time to 
prevent erroneous data from being written to the 
device from an out of tolerance system. When Vcc 


ADDRESS 


~~ ee 


1. Seconds Register falls below Vpat the device automatically switches 
a Minutes Register over to the battery and powers down into an ultra 
3 Hii Heainie: low current mode of operation to conserve battery 

ale life. Upon power up the device switches from bat- 
4. Day Register tery to Vcc at Veat and recognizes inputs when Vcc 
5. Date Register goes above Vprp volts. 
6. Month Register 
7. Years Register 
8. Control Register 
9.-64. RAM 
als 57 SGS-THOMSON 
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MK41T56 


ABSOLUTE MAXIMUM RATINGS 


[Simba [Parmeter | ats 
Pv Wotege OnAnyRnReaieToGmmns | OR wT | 
Pa [Ambien Operating Temperature | 

Tsta Ambient Storage (Vcc Off, Oscillator Off) Temperature | -85to+125 | 
[Po [Teal DevcePowerDsspaion || 
[eur [Oupnsiiccurert P| 


Note: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the 
device. This 1s a stress rating only and functional operation of the device at these or any other conditions beyond those 
indicated tn the operational section of this specification is not implied. Exposure to absolute maximum rating conditions for 
exended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowedon any pin while in the Battery Back-up mode. 


O|o|< 


= 


REGISTER MAP 


Function/Range 
BCD Format 


ae Ce ee ee ee ee 


KEYS : S = SIGN BIT FT = FREQUENCY TEST BIT OUT = OUTPUT LEVEL 
ST=STOP BIT X=DON’T CARE 
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CHARACTERISTICS OF THE 2-WIRE BUS 


This bus is intended for communication between 
different ICs. It consists of two lines : one bi-direc- 
tional for data signals (SDA) and one for clock 
signals (SCL). Both the SDA and the SCL lines 
must be connected to a positive supply voltage via 
a pull-up resistor. 


The following protocol! has been defined : 


Data transfer may be initiated only when the bus is 
not busy. 


During data transfer, the data line must remain 
stable whenever the clock line is HIGH. Changes 
in the data line while the clock line is HIGH will be 
interpreted as control signals. 


Accordingly, the following bus conditions have 
been defined : 


Bus not busy : Both data and clock lines remain 
HIGH. 


Start data transfer : A change in the state of the 
data line, from HIGH to LOW, while the clock is 
HIGH, defines the START condition. 


Stop data transfer : A change in the state of the 
data line, from LOW to HIGH, while the clock is 
HIGH, defines the STOP condition. 


Data valid : The state of the data line represents 
valid data when after a start condition, the data line 
is stable for the duration of the HIGH period of the 
clock signal. The data on the line may be changed 
during the LOW period of the clock signal. There is 
one clock pulse per bit of data. 


Each data transfer is initiated with a start condition 
and terminated with a stop condition. The number 
of data bytes transferred between the start and stop 
conditions is not limited. The information is trans- 
mitted byte-wise and each receiver acknowledges 
with a ninth bit. 


Within the bus specifications a low speed mode 
(2kHz clock rate) and a high speed mode (100kHz 
clock rate) are defined. The MK41T56 clock works 
in both modes. By definition a device that gives out 
a message is called “transmitter”, the receiving 
device that gets the message is called “receiver”. 
The device that controls the message is called 
“master”. The devices that are controlled by the 
master are called “slaves”. 


Acknowledge : Each byte of eight bits is followed 
by one acknowledge bit. This acknowledge bit is a 
low level put on the bus by the receiver whereas 
the master generates an extra acknowledge re- 
lated clock pulse. 


A slave receiver which is addressed is obliged to 
generate an acknowledge after the reception of 
each byte. Also a master receiver must generate 
an acknowledge after the reception of each byte 
that has been clocked out of the slave transmitter. 


The device that acknowledges has to pull down the 
SDA line during the acknowledge clock pulse in 
such away thatthe SDAline is astable LOW during 
the HIGH period of the acknowledge related clock 
pulse. Of course, setup and hold times must be 
taken into account. A master receiver must signal 
an end of data to the slave transmitter by not 
generating an acknowledge on the last byte that 
has been clocked out of the slave. In this case the 
transmitter must leave the data line HIGH to enable 
the master to generate the STOP condition. 
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MK41T56 


Figure 3A. Data Transfer Sequence of the Serial Bus 


DATA LINE 
STABLE 
DATA VALID 


CHANGE OF STOP 
DATA ALLOWED CONDITION 


VA00587 


CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


SCLK FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


VA00588 


tHD: STA 


tSU. DAT tSU.STA tSU: STO 
tHD: DAT 


VA00589 
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MK411T56 


Write Mode 

In this mode the master transmitter transmits to the 
MK411T56 slave receiver. Bus protocol is shown in 
Figure 5. Following the START condition and slave 
address, a logic 0 (R/W = 0) is placed on the bus 
and indicates to the addressed device that word 
address Ap will follow and is to be written to the 
on-chip address pointer. The data word to be writ- 
ten to the memory is strobed in next and the internal 
address pointer is incremented to the next memory 
location within the RAM on the reception of an 
acknowledge clock. The MK41T56 slave receiver 
will send an acknowledge clock to the master trans- 
mitter after it has received the slave address and 
again after it has received the word address and 
each data byte. 


Figure 4. Slave Address Location 


Ea SLAVE ADDRESS i 
| 
| 


| 
| 


ififo]sfojolo| 


| 

\ 

| \ 
| 
\ 
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Read Mode 

In this mode the master reads the MK41T56 slave 
after setting the slave address. See Figure 6. Fol- 
lowing the write mode contro! bit (R/W = 0) and the 
acknowledge bit, the word address An is written to 
the on-chip address pointer. Next the START con- 
dition and slave address are repeated followed by 
the READ mode control bit (R/W = 1). At this point 
the master transmitter becomes the master re- 
ceiver. The data byte which was addressed will be 
transmitted and the master receiver will send an 
acknowledge bit to the slave transmitter. The ad- 
dress pointer is only incremented on reception of 
an acknowledge bit. The MK41T56 slave transmit- 
ter will now place the data byte at address An + 1 
on the bus, the master receiver reads and acknowl- 
edges the new byte and the address pointer is 
incremented to An + 2. 


This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 


An alternate READ mode may also be imple- 
mented whereby the master reads the MK41T56 
slave without first writing to the (volatile) address 
pointer. The first address that is read is the last one 
stored in the pointer. See Figure 7. 
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MK41T56 


Figure 5. Write Mode 


< SLAVE [Je WORD 
BUS ACTIVITY: m< ADDRESS >a < ADDRESS (n)> < DATAn > < DATA n+1 > < DATA n+X > 
MASTER 


ws “< a 
O 


BUS ACTIVITY: Ss 
<x < 


VA00591 


Figure 6. Read Mode 


SLAVE = WORD 
BUS ACTIVITY: m< ADDRESS >a < ADDRESS (n) > DATA n > <_ DATA n+1 
MASTER 


BUS ACTIVITY: 


< DATA n+X > 


VAG0S92 


Figure 7. Alternate Read Mode 


kK 

~ 

< SLAVE = 
BUS ACTIVITY m< ADDRESS >a < DATA n > <_ DATA n+41 < DATA n+X > 
MASTER 


SDA LINE 


BUS ACTIVITY. 


VAG0593 
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MK41T56 


Calibration the Clock 


The MK41T56 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. A 
typical MK41T56 is accurate within + 1 minute per 
month at 25°C without calibration. The devices are 
tested not to exceed 35 PPM (parts per million) 
oscillator frequency error at 25°C, which equates to 
about + 1.53 minutes per month. Of course the 
oscillation rate of any crystal changes with temper- 
ature. 


Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK41T56 design, however, em- 
ploys periodic counter correction. The calibration 
circuit adds or subtracts counts from the oscillator 
divider circuit at the divide by 128 stage, as shown 
in Figure 8. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control Register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit ; “1" indicates positive 
calibration, 0" indicates negative calibration. Cali- 
bration occurs within a 64 minutes cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary “1" is loaded into 
the register, only the first 2 minutes in the 64 


Figure 8. Divide by 128 Stage 


NORMAL 


POSITIVE 
CALIBRATION 


NEGATIVE 
CALIBRATION 


VA00594 


minutes cycle will be modified ; if a binary 6 is 
loaded, the first 12 will be affected, and so on. 


Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+ 4.068 or - 2.034 PPM of adjustment per calibra- 
tion step in the calibration register. Assuming that 
the oscillator is in fact running at exactly 32768 Hz, 
each of the 31 increments in the Calibration byte 
would represent 10.7 seconds per month. 


Two methods are available for ascertaining how 
much calibration a given MK41T56 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final prod- 
uct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
utility that accessed the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT.) bit, the seventh-most significant bit in the 
Control Register, is set to a “1", and the oscillator 
is running at 32768 Hz, the FT/OUT pin of the 
device will toggle at 512 Hz. Any deviation from 
512 Hz indicates the degree and direction of oscil- 
lator frequency shift at the test temperature. For 
example, a reading of 512.01024 Hz would indi- 
cate a +20 PPM oscillator frequency error, requir- 
ing a- 10(001010) to be loaded into the Calibration 
Byte for correction. Note that setting or changing 
the Calibration Byte does not affect the Frequency 
test output frequency. 


OUTPUT DRIVER PIN 


When the FT bit is not set the FT/OUT pin becomes 
an output driver that reflects the contents of D7 of 
the control register. In other words when Dg of 
location 7 is a zero and D7 of location 7 is a zero 
and then the FT/OUT pin will be driven low. 


Note : The FT/OUT pin is open drain which requires 
an external pullup resistor. 
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Figure 9. Power Up/Down Waveforms 


DATA RETENTION TIME 


VAQ0595 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 
(0°C < Ta < + 70°C) 


} Symbol ) Parameter 


eT Tel 
down 

| tes | Vere to | Vero to Vso Vootalltime Vpp fall time 
a ae se ee ee 
[ee [aaacsonanawmmn [am [| f= | 
ire [reer [rarer [ee we |v | 
sr 
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AC ELECTRICAL CHARACTERISTICS 


Values 
Symbol Parameter 


START condition hold time. After 
this period the first clock pulse is 
generated 


Setup time for start condition (only 
relevant for a repeated start 
condition 


250 
4.7 
4.7 
Noise suppresion time constant at 0.25 { 

SCL and SDA input 


* Note that a transmitter must internally provide a hold time to bridge the undefined region (300 ns max.) of the falling edge of SCL. 


CRYSTAL ELECTRICAL CHARACTERISTICS (externally supplied) 


Values 
Parameter 


Resonant frequency i 


Load capacitance 


Note : Load capacitors are internally supplied with the MK41T56. Circuit board layout considerations for the 32.768 kHz crystal of minimum 
trace lengths and isolation from RF generating signals should be taken into account. 
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DC ELECTRICAL CHARACTERISTICS 


™ 
Operating supply 


fe fem 
<n Aone eB 
a) 
Od 
a rd 
a 
a 
a 


Vec = 0.0V, Ta = 25°C, 
Oscillator On, 
Veat = 3V 


Values 


Test Conditions 


Battery supply current 


Note: 1. SGS-THOMSON recommends the RAYOVAC BR1225 or equivalent as the battery supply. 
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MK41T56.. 
ORDERING INFORMATION 


Example: MK41T56 N 00 


N PSDIP8 00 No Speed 
0.4 mm Options 
Frame 


For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 


For further information or any aspect of this device, pleaSe contact our Sales Office nearest to you. 
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MK48T85 


CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 


= DROP-IN REPLACEMENT FOR PC AT COM- 
PUTER CLOCK/CALENDAR 

m EXTERNAL BATTERY AND CRYSTAL PINS 

#» COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 


AND YEAR WITH LEAP YEAR COMPENSA- 
TION 


» BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 


mw 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 


=» SELECTABLE BUS TIMING 
=» MULTIPLEX BUS FOR PIN EFFICIENCY 


=» INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 
— 14 bytes of clock and control registers 
— 50 bytes of general purpose RAM 

=» PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 

=» BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 


» THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
— Time-of-day alarm once/second to once/day 
— Periodic rates from 122 pus to 500 ms 
— End of clock update cycle 


PIN NAMES 


Ee ___|eiseeat 
a 
iw 


Read/Write 


TRO interrupt Request 
3 Volts Battery Input 


February 1992 


TIMEKEEPER SRAM 


ADVANCE DATA 


PLCC28 (C) 


Figure 1. Pin Connection 


MK48T85 


13.14 15 16 17 


VA00599 


nF (Renan 
MoT __[BosType seein 
Ea 


NF pin serves no function and may be connected to other signals, 
within Absolute Maximum Ratings, without affecting device oper- 

ation. The electrical characteristics are the same as the other in- 

puts pins. 
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Figure 2. Block Diagram 


POWER 
SWITCH 


AND PERIODIC ) Pmoneuvemgeecrion sw WAVE RATE 
SELECTION 
) Pmoneuvemgeecrion sw OF 16 SELECTOR) 


ae 


WRITE 
PROTECT 


LITHIUM 


DESCRIPTION 


The MK48T85 TIMEKEEPER™ RAM is designed 
to be a functional replacement for the PC AT Com- 
puter clock/calendar. The functions available to the 
user include a time-of-day clock, an alarm, a one- 
hundred-year calendar, programmable interrupts, 
a square wave generator, and 50 bytes of static 
RAM. The MK48T85 provides connections for a 
battery and a 32,768 Hz crystal. The battery con- 
nection allows the user to back-up the RAM and 
clock functions in the absence of system voltage. 


Automatic deselection of the device provides insur- 
ance that data integrity is not compromised should 
Vcc fall below specified (Vprp) levels. The auto- 
matic deselection of the device remains in effect 


SQUARE 
- WAVE OUT H 


ro weaiteRS BCD A,B,C,D 
(4 ma oe 


CLOCK ALARM 
CALENDAR RAM 
(10 BYTES) 


USER RAM 
(50 BYTES) 


VRO00840 


upon power up for a period of 100ms after Vcc rises 
above Vprp, provided the Real Time Clock is run- 
ning and the count down chain is notin reset. This 
allows sufficient time for Vcc to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 


OPERATION 


The block diagram in Figure 2 shows the pin con- 
nections with the major functions of the MK48T85 
(Real Time Clock/RAM). For a complete description 
of operating conditions, electrical characteris- 
tics, bus timing, and pin descriptions other than X1, 
X2, Vaat, and RCRL, see the MK8T87 datasheet. 


2/5 G7 SGS-THOMSO 
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SIGNAL DESCRIPTION 


X1, X2 - The X1 and X2 pins are the connections 
for a standard 32,768 Hz quartz crystal having a 
load capacitance of 6pF . 


Veat - The Veat pin is the battery input for any 
standard 8V lithium cell or other energy source. 


MK48T85 


RCLR - The RCLR pin is used to clear (set to logic 
“{") all 50 bytes of the general purpose RAM asso- 
ciated with the Real Time Clock. In order to clear 
the RAM, RCLR must be forced to an input logic 
”0" (-0.3 to 0.8 volts) for a minimum of 100 ms when 
Vcc is applied. 


DC ELECTRICAL CHARACTERISTICS (0°C < Ta < 70°C; Vcc min < Vcc < Vcc max) 


Average Vcc Power Supply Current 
Input Current 


= 
—5 


Output Logic “1" Voltage (lout = —1.0 mA) 


li 

lon 

VoH 
Output Logic “O" Voltage (lout = 4.0 mA) 
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Figure 3. Power Up/Down Conditions 


tDR 
DATA RETENTION TIME 


VA00600 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) 


es ee 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C < Ta < 70°C) 


Power-fail Deselect Voltage 1.22 Veat 1.25 . 1.28 Veat 


4/5 
kyyz SGS-THOMSO 
»/ Secroulecrnomes 
998 


MK48T85 


ORDERING INFORMATION 


Example: MK48T85 C 


C PLCC28 24 No User Option 


For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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= DROP-IN REPLACEMENT FOR PC AT COM- 
PUTER CLOCK/CALENDAR 


TOTALLY NONVOLATILE WITH 10 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 


SELF-CONTAINED SUBSYSTEM INCLUDES 
LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 


COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 


BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 


12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 


SELECTABLE BUS TIMING 
MULTIPLEX BUS FOR PIN EFFICIENCY 


INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 

— 14 Bytes Of Clock And Control Registers 

— 50 Bytes Of General Purpose RAM 


PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 


= BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 


THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 

— Time-of-day Alarm Once/Second To Once/Day 
— Periodic Rates From 122 us to 500 ms 

— End Of Clock Update Cycle 


PIN NAMES 


E [these 
aS___ [ates rab 
ieee 
sow 
wor 


Square Wave Out 
Bus Type Selection 
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CMOS 64 x 8 ADDRESS/DATA MULTIPLEXED 
TIMEKEEPER SRAM 


PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 


MK481T87 


oon Omar WN > 


— > = 
N - Oo 


VAQO601 


a or 


NF pin serves no function and may be connected to other signals, 
within Absolute Maximum Ratings, without affecting device oper- 
ation. The electrical charactenstcs are the same as the other inputs pins. 
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Figure 2. Block Diagram 


POWER 
SWITCH 


AND PERIODIC PERO NENSELECTON WAVE RATE 


WRITE 
PROTECT 


LITHIUM 


INTERFACE 
A/D Gee) 


MOT 


DESCRIPTION 


The MK48T87 TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC146818 
and the DS1287. Alithium energy source, a quartz 
crystal and write-protection circuitry are contained 
within a 24-pin dual in-line package. The MK48T87 
is, therefore, a complete subsystem replacing as 
many as 16 components in a typical application. 
The functions available to the user include a non- 
volatile time-of-day clock, an alarm, a one-hun- 
dred-year calendar, programmable interrupt, 
square wave generator, and 50 bytes of nonvolatile 
static RAM. The Real Time Clock/RAM is unique in 
that the time-of-day and memory are maintained 
even in the absence of power. 


I CELL HS 


SELECTION 


PERO NENSELECTON OF 16 SELECTOR) 


SQUARE 
od WAVE OUT } 


east gnc A,B,C,D 
oa re BYTES) 


CLOCK ALARM 
CALENDAR RAM 
(10 BYTES) 


USER RAM 
(50 BYTES) 


VROOU808 


Automatic deselection of the device provides insur- 
ance that data integrity is not compromised should 
Vcc fall below specified (Vprp) levels. The automat- 
ic deselection of the device remains in effect upon 
power up for a period of 100ms after Vcc rises 
above Vprp, provided the Real Time Clock is run- 
ning and the count down chain is not in reset. This 
allows sufficient time for Vcc to stabilize and gives 
the system clock a wake up period so that a valid 
system reset can be established. 

The block diagram in Figure 2 shows the pin con- 
nection with the major internal functions of 
MK48T87 (Real Time Clock/RAM). The following 
paragraphs describe the function of each pin. 
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SIGNAL DESCRIPTIONS 


GND, Vcc - D.C. power is provided to the device 
on these pins. Vcc is the +5 volt input. When Vcc 
is applied and is above Vprp, the device is fully 
accessible and the data can be written and read. 
When Vcc is below Vprp, reads and writes are 
inhibited. However, the timekeeping function con- 
tinues unaffected by the lower input voltage. As 
Vcc falls below Vso, the RAM and timekeeper are 
switched over to an internal Lithium energy source. 
The timekeeping function maintains an accuracy of 
1 minute per month at 25°C regardless of the 
voltage input on the Vcc pin. 


MK48T87 


MOT (Mode Select) - The MOT pin offers the 
flexibility to choose between two bus types. When 
connected to Vcc, Motorola bus timing is selected. 
When connected to GND or left disconnected, Intel 
bus timing is selected. The pin has an internal 
pull-down resistance of approximately 20 KQ . 


SQW (Square Wave Output) - The SQW pin can 
output a signal from one of 13 taps provided by the 
15 internal divider stages of the Real Time Clock. 
The frequency of the SQW pin may be changed by 
programming Register A. As shown in Table 1, the 
SQW signal may be turned on and off using the 
SQWE bit in Register B. The SQW signal is not 
available when Vcc is less than Vprp. 


Table 1. Periodic Interrupt Rate and Square Wave Frequency 


Select Bits Register A 


$e | vie | 
Pre | reese eee eee 
ee 
a ee: (ee a eo ee 
a ee ee ee ee ee ee ee oe ee 
ee ee ee a ee eee 
Eee ek es ee ee ee ee 
ie ae es ee ee a ee ee 


976.5625 ps 1.024 KHz 
3.90625 ms 256 Hz 


eff 
eS 


OT 
a se 
OO 
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ADO-AD7 (Multiplexed Bi-Directional Ad- 
dress/Data Bus) - Multiplexing the bus reduces 
the device pin count because address information 
and data information time share the same signal 
paths. The addresses are presented during the first 
portion of the bus cycle and the same pins and 
signal paths are used for data transfer during the 
second portion of the cycle. Address/data multi- 
plexing does not slow the access time of the 
MK48T87 since the bus change from address to 


data occurs during the internal RAM access time. 
Addresses must be valid prior to the falling edge of 
AS/ALE, at which time the MK48T87 latches the 
address from ADO to ADS. Valid write data must be 
present and held stable during the latter portion of 
the DS or RD pulses. The read cycle is terminated 
and the bus returns to a high impedance state as 
DS transitions low in the case of Motorola timing or 
as RD transitions high in the case of Intel timing. 
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AS (Address Strobe Input) - A positive going 
address strobe pulse serves to demultiplex the 
bus. The falling edge of AS/ALE causes the ad- 
dress to be latched within the MK48T87. 


DS (Data Strobe or Read Input) - The DS/RD pin 
has two modes of operation depending on the level 
of the MOT pin. When the MOT pin is connected 
to Vcc, Motorola bus timing is selected. In this 
mode DS is a positive pulse during the latter 
portion of the bus cycle and is called Data Strobe. 
During read cycles, DS signifies the time that the 
MK48T87 is to drive the bi-directional bus. In write 
cycles the trailing edge of DS causes the 
MK48T87 to latch the written data. When the 
MOT pin is connected to GND, Intel bus timing is 
selected. In this mode the DS pin is called Read 
(RD). RD identifies the time period when the 
MK48T87 drives the bus with read data. The RD 
signal is the same definition as the Output Enable 
(G) signal on a typical memory. 


W (Read/Write Input) - The W pin also has two 
modes of operation. When the MOT pin is con- 
nected to Vcc for Motorola timing, W is a level 
which indicates whether the current cycle is a read 
or write. Aread cycle is indicated with a high level 
on W while DS is high. A write cycle is indicated 
when W is low during DS. When the MOT pin is 
connected to GND for Intel timing, the W signal is 
an active low signal called WR. In this mode the W 
pin has the same meaning as the Write Enable 
signal (W) on generic RAMs. 


E (Chip Select Input) - The Chip Select signal (E) 
must be asserted low for a bus cycle in which the 
MK48T87 is to be accessed. E must be kept in the 
active state during DS and AS for Motorola timing 
and during RD and W for Intel timing. Bus cycles 
which take place without asserting E will latch 
addresses but no access will occur. When Vcc is 
below Vprp, the MK48T87 internally inhibits access 
cycles by internally disabling the E input. This 
action protects both the Real Time Clock data and 
RAM data during power outages. 


IRQ (Interrupt Request Output) - The IRQ pin is 
an active low output of the MK48T87 that may be 
used as an interrupt input to a processor. The IRQ 
output remains low as long as the status bit causing 
the interrupt is present and the corresponding 
interrupt- enable bit is set. To clear the IRQ pin the 
processor program normally reads the C register. 
The RESET pin also clears pending interrupts. 
When no interrupt conditions are present, the IRQ 
level is inthe high impedance state. Multiple inter- 
rupt devices may be connected to an IRQ bus. The 
IRQ bus is an open drain output and requires an 
external pull-up resistor. 


RESET (Reset Input) - The RESET pin has no 
effect on the clock, calendar, or RAM. On power-up 
the RESET pin may be held low for a time in order 
to allow the power supply to stabilize. The amount 
of time that RESET is held low is dependent on the 
application. However, if RESET is used on power 
up, the time RESET is low should exceed 200 ms 
to make sure that the internal timer which controls 
the MK48T87 on power-up has timed out. When 
RESET is low and Vec is above Vpep, the following 
Occurs: 


A. Periodic Interrupt Enable (PIE) bit is cleared to 
zero. 


B. Alarm Interrupt Enable (AIE) bit is cleared to 
zero. 


C. Update Ended Interrupt Flag (UF) bit is cleared 
to zero. 


D. Interrupt Request Status Flag (IRQF) bit is 
cleared to zero. 


E. Periodic Interrupt Flag (PF) bit is cleared to zero. 


F. The device is not accessible until RESET is 
returned high. 


G. Alarm Interrupt Flag (AF) bit is cleared to zero. 
H. IRQ pin is in the high impedance state. 


I. Square Wave Output Enable (SQWE) bit is 
cleared to zero. 


J. Updated Ended Interrupt Is Cleared To Zero. 


In a typical application RESET may be connected 
to Vcc. This connection will allow the MK48T87 to 
go in and out of power fail without affecting any of 
the control registers. 
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ADDRESS MAP 


The Address Map of the MK48T87 is shown in 
Figure 3. The address map consists of 50 bytes of 
user RAM, 10 bytes of RAM which contain the RTC 
time, calendar and alarm data, and 4 bytes which 
are used for control and status. All 64 bytes can be 
directly written or read except for the following: 


Figure 3. Address Map 


00 
14 BYTES 

13 

14 
50 BYTES 

63 


TIME, CALENDAR AND ALARM LOCATIONS 


The time and calendar information is obtained by 
reading the appropriate memory bytes. The time, 
calendar and alarm are set or initialized by writing 
the appropriate RAM bytes. The contents of the ten 
time, calendar and alarm bytes may be either Bi- 
nary or Binary-Coded (BCD) format. Before writing 
the internal time, calendar, and alarm registers, the 
SET bit in Register B should be written to a Logic 
one to prevent updates from occuring while access 
is being attempted. In addition to writing the ten 
time, calendar and alarm registers in a selected 
format (Binary or BCD), the data mode bit (DM) of 
Register B must be set to the appropriate logic 
level. All ten time, calendar and alarm bytes must 
use the same data mode. The set bit in Register B 
should be cleared after the data mode bit has been 
written to allow the Real Time Clock to update the 
time and calendar bytes. Once initialized, the Real 


MK48T87 


1. Registers C and D are read-only. 
2. Bit 7 of Register Ais read-only. 


3. The high order bit of the seconds byte is read- 
only. 


The contents of four control registers (A,B,C,D) are 
described in the “Register” section. 


00 SECONDS 

01 SECONDS ALARM 
02 MINUTES 

03 MINUTES ALARM 
04 HOURS 

05 HOURS ALARM 
06 DAY OF WEEK 
07 DAY OF MONTH 
08 MONTH 

09 YEAR 

10 REGISTERA 
14 REGISTER B 
12 REGISTER C 
13 REGISTER D 


Time Clock makes all updates in the selected 
mode. The data mode cannot be changed without 
reinitializing the ten data bytes. Table 2 shows the 
Binary and BCD formats of the ten time, calendar 
and alarm locations. The 24/12 bit cannot be 
changed without reinitializing the hour locations. 
When the 12-hour format is selected, the high order 
bit of the hours byte represents PM when itis a logic 
one. The time, calendar and alarm bytes are always 
accessible because they are double buffered. 
Once per second the ten bytes are advanced by 
one second and checked for an alarm condition. If 
a read of the time and calendar data occurs during 
an update, a problem exits that seconds, minutes, 
hours, etc., may not correlate. The probability of 
reading incorrect time and calendar data is low. 
Several methods of avoiding any possible incorrect 
time and calendar reads are covered later in this 
text. 
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Table 2. Calendar and Alarm Data Modes 


Address 
Location 


The three alarm bytes may be used in two ways. 
First, when the alarm time is written in the appro- 
priate hours, minutes and seconds alarm locations, 
the alarm interrupt is initiated at the specified time 
each day if the alarm enable bit is high. The second 
use condition is to insert a “don’t care” state in one 
or more of the three alarm bytes. The “don’t care” 
code is any hexadecimal value from CO to FF. The 
two most significant bits of each byte set the “don’t 
care” condition when at Logic 1. An alarm will be 
generated each hour when the “don’t care” bits are 
set in the hours byte. Similarly, an alarm is gener- 
ated every minute with “don’t care” codes in the 
hours and minute alarm bytes. The “don’t care” 
codes in all three alarm bytes create an interrupt 
every second. 


NONVOLATILE RAM 


The 50 general purpose non-volatile RAM bytes 
are not dedicated to any special function within the 
MK48T87. They can be used by the processor 
program as non-volatile memory and are fully avail- 
able during the update cycle. 


; Range 
ain — 
Binary Data Mode BCD Data Mode 
SECONDS 00 - 59 00 - 3B 00 - 59 


3 
> eo 


1242 


Girl a 


00-17 00 - 23 
01 - OC AM, 81 - 8C PM | 01 - 12 AM, 81 - 92 PM 


INTERRUPTS 


The RTC plus RAM includes three separate, fully 
automatic sources of interrupt for a processor. The 
alarm interrupt may be programmed to occur at 
rates from once per second to once per day. The 
periodic interrupt may be selected for rates from 
122 us to 500 ms. The update-ended interrupt may 
be used to indicate to the program that an update 
cycle is complete. Each of these independent inter- 
rupt conditions is described in greater detail in other 
sections of this text. 


The processor program can select which interrupts, 
if any, are going to be used. Three bits in Register 
B enable the interrupts. Writing a Logic 1 to an 
interrupt-enable bit permits that interrupt to be in- 
itiated when the event occurs. A “O" in an interrupt 
enable bit prohibits the IRQ pin from being asserted 
from that interrupt condition. If an interrupt flag is 
already set when an interrupt is enabled, IRQ is 
immediately set at an active level although the 
interrupt initiating the event may have occurred 
much earlier. As aresult, there are cases where the 
program should clear such earlier initiated inter- 
rupts before first enabling new interrupts. 
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When an interrupt event occurs, the relating flag bit 
is set to Logic 1 in Register C. These flag bits are 
set independent of the state of the corresponding 
enable bit in Register B. The flag bit can be used 
in a polling mode without enabling the correspond- 
ing enable bits. The interrupt flag bit is a status bit 
which software can interrogate as necessary. 


When a flag is set, an indication is given to software 
that an interrupt event has occurred since the flag 
bit was last read; however, care should be taken 
when using the flag bits as they are cleared each 
time Register C is read. Double latching is included 
with Register C so that bits which are set remain 
stable throughout the read cycle. All bits which are 
set (high) are cleared when read and new interrupts 
which are pending during the read cycle are held 
until after the cycle is completed. One, two or three 
bits may be set when reading Register C. Each 
utilized flag bit should be examined when read to 
insure that no interrupts are lost. 


The second flag bit usage method is with fully 
enabled interrupts. When an interrupt flag bit is set 
and the corresponding interrupt enable bit is also 
set, the IRQ pin is asserted low. IRQ is asserted as 
long as at least one of the three interrupt sources 
has its flag and enable bits both set. The IRQF bit 
in Register C is aone whenever the IRQ pinis being 
driven low. Determination that the RTC initiated an 
interrupt is accomplished by reading Register C. A 
logic one in Bit 7 (IRQF bit) indicates that one or 
more interrupts have been initiated by the 
MK48T87. The act of reading Register C clears all 
active flag bits and the IRQF bit. 


OSCILLATOR CONTROL BITS 


When the MK48T87 is shipped from the factory, the 
internal oscillator is turned off. This feature pre- 
vents the lithium energy cell from being used until 
it is installed in system. A pattern of 010 in bits 4 
through 6 of Register A will turn the oscillator on 
and enable the countdown chain. A pattern of 11X 
will turn the oscillator on, but holds the countdown 
chain of the oscillator in reset. All other combina- 
tions of bits 4 through 6 keep the oscillator off. 


MK48T87 


SQUARE WAVE OUTPUT SELECTION 


Thirteen of the 15 divider taps are made available 
to a 1-of-15 selector, as shown in the block diagram 
of Figure 2. The first purpose of selecting a divider 
tap is to generate a square wave output signal on 
the SQW pin. The RSO-RS3 bits in Register A 
establish the square wave output frequency. These 
frequencies are listed in Table 1. The SQW fre- 
quency selection shares its 1-of-15 selector with 
the periodic interrupt generator. Once the fre- 
quency is selected, the output of the SQW pin may 
be turned on and off under program control with the 
square wave enable bit (SQWE). 


PERIODIC INTERRUPT SELECTION 


The periodic interrupt will cause the IRQ pin to go 
to an active state from once every 500 ms to once 
every 122 us. This function is separate from the 
alarm interrupt which may be output from once per 
second to once per day. The periodic interrupt rate 
is selected using the same Register A bits which 
select the square wave frequency (see Table 1). 
Changing the Register A bits affects both the 
square wave frequency and the periodic interrupt 
output. However, each function has a separate 
enable bit in Register B. The SQWE bit controls the 
square wave output. Similarly, the periodic interrupt 
is enabled by the PIE bit in Register B. The periodic 
interrupt can be used with software counters to 
measure inputs, create output intervals, or await 
the next needed software function. 


UPDATE CYCLE 


The MK48T87 executes an update cycle once per 
second regardless of the set bit in Register B. When 
the SET bit in Register B is set to one, the user copy 
of the double buffered time, calendar and alarm 
bytes is frozen and will not update as the time 
increments. However, the time countdown chain 
continues to update the internal copy of the buffer. 
This feature allows time to maintain accuracy inde- 
pendent of reading or writing the time, calendar, 
and alarm buffers and also guarantees that time 
and calendar information are consistent. The up- 
date cycle also compares each alarm byte with the 
corresponding time byte and issues and alarm ifa 
match or if a “don’t care” code is present in all three 
positions. 
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There are three methods which can be employed 
to handle access of the Real Time Clock which 
avoids any possibility of accessing inconsistent 
time and calendar data. The first method uses the 
update-ended interrupt. If enabled, an interrupt 
occurs after every update cycle which indicates that 
over 998 ms are available to read valid time and 
date information. If this interrupt is used, the IRQF 
bit in Register C should be cleared before leaving 
the interrupt routine. 


A second method uses the update-in-progress bit 
(UIP) in Register A to determine if the update cycle 
is in progress. The UIP bit will pulse once per 
second. After the UIP bit goes high, the update 
transfer occurs 244 us later. If a low is read on the 


UIP bit, the user has at least 244 us before the 
time/calendar data will be changed. Therefore, the 
user should avoid interrupt service routines that 
would cause the time needed to read valid 
time/calendar data to exceed 244 us. 


The third method uses a periodic interrupt to deter- 
mine tf an update cycle is in progress. The UIP bit 
in Register Ais set high between the setting of the 
PF bit in Register C (See Figure 4). Periodic inter- 
rupts that occur at a rate of greater than tauc allow 
valid time and date information to be reached at 
each occurrence of the periodic interrupt. The 
reads should be complete within (Tpi2+tguc) to 
insure that data is not read during the update cycle. 


Figure 4. Update Ended and Periodic Interrupt Relationship 


UIP BIT IN 
REGISTER A 


UF BIT IN | l 


REGISTER C 


PF BIT IN 
REGISTER C 


Note: tpi= Periodic Interrupt Time interval per table 1. 
tauc oes Time Before Update Cycle = 244us. 
tuc = 2ms. 


VROOOB10 
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REGISTERS 


REGISTER A 


UIP 


The Update in Progress (UIP) bit is a status flag 
that can be monitored. When the UIP bit is one, the 
update transfer will soon occur. When the UIP is a 
zero, the update transfer will not occur for at least 
244 us. The time, calendar, and alarm information 
in RAM is fully available for access when the UIP 
bit is zero. The UIP bit is read only and is not 
affected by RESET. Writing the SET bit in Register 
B to a “1" inhibits any update transfer and clears 
the UIP status bit. 


DVO, DV1, DV2 


These three bits are used to turn the oscillator on 
or off and to reset the countdown chain. A pattern 
of 010 is the only combination of bits which will turn 
the oscillator on and allow the RTC to keep time. A 
pattern of 11X will enable the oscillator but holds 
the countdown chain in reset. The next update will 
occur at 1second after a pattern of 010 is written to 
DVO, DV1 and DV2. 


MSB LSB 
BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 
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RS3, RS2, RS1, RSO 


These four rate-selection bits select one of the 13 
taps on the 15-stage divider or disable the divider 
output. The tap selected may be used to generate 
an output square wave (SQW pin) and/or a periodic 
interrupt. The user may do one of the following: 


1. Enable the interrupt with the PIE bit; 
2. Enable the SQW output pin with the SQWE bit; 


3. Enable both at the same time and the same rate; 
or 


4. Enable neither. 


Table 1 lists the periodic interrupt rates and the 
square wave frequencies that may be chosen with 
the RS bits. These four read/write bits are not 
affected by RESET. 
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REGISTER B 


SET 


When the SET bit is a zero, the update transfer 
functions normally by advancing the counts once 
per second. When the SET bit is written to a one, 
any update transfer is inhibited and the program 
may initialize the time and calendar bytes without 
an update occurring in the midst of initializing. 
Read cycles can be executed in a similar manner. 
SET is a read/write bit which is not modified by 
RESET or internal functions of the MK48T87. 


PIE 


The periodic interrupt enable PIE bit is a read/write 
bit which allows the Periodic Interrupt Flag (PF) bit 
in Register C to cause the IRQ pin to be driven low. 
When the PIE bit is set to one, periodic interrupts 
are generated by driving the IRQ pin low at a rate 
specified by the RS3 through RSO bits of Register 
A. Azero in the PIE bit blocks the IRQ output from 
being driven by aperiodic interrupt, but the Periodic 
Flag (PF) bit is still set at the periodic rate. PIE is 
not modified by any internal MK48T87 functions, 
but is cleared to zero on RESET. 


AIE 


The Alarm Interrupt Enable (AIE) bit is a read/write 
bit which when set to a one permits the Alarm Flag 
(AF) bit in register C to assert IRQ. An alarm 
interrupt occurs for each second that the three time 
bytes equal the three alarm bytes including a “don't 
care” alarm code of binary 11XXXXXX. When the 
AIE bit is set to zero, the AF bit does not initiate 
the IRQ signal. The RESET pin clears AIE to zero. 
The internal functions of the MK48T87 do not 
affect the AIE bit. 


UIE 


The Update Ended Interrupt Enable (UIE) bit is a 
read/write bit which enables the Update End Flag 
(UF) bit in Register C to assert IRQ. The RESET 
Pee low or the SET bit going high clears the 
UIE bit. 


MSB LSB 
BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O 


SQWE 


When the Square Wave Enable (SQWE) bit is set 
to a one, a Square wave signal at the frequency 
set by the rate-selection bits RS3 through RS0O is 
driven out on the SQW pin. When the SQWE bit is 
set to zero, the SQW pin is held low; the state of 
SQWE is cleared by the RESET pin. SQWE is a 
read/write bit. 


DM 


The Data Mode (DM) bit indicates whether time and 
calendar information are in binary or BCD format. 
The DM bitis set by the program to the appropriate 
format and can be read as required. This bit is not 
modified by internal functions or RESET. Aone in 
DM signifies binary data and a zero in DM specifies 
Binary Coded Decimal (BCD) data. 


24/12 


The 24/12 control bit establishes the format of the 
hours byte. A one indicates the 24-hour mode and 
a zero indicates the 12-hour mode. This bit is a 
read/write and is not affected by internal functions 
or RESET. 


DSE 


The Daylight Savings Enable (DSE) bit is a 
read/write bit which enables two special updates 
when DSE is set to one. On the first Sunday in April 
the time increments from 1:59:59 AM to 3:00:00 
AM. On the last Sunday in October when the time 
first reaches 1:59:59 AM it changes to 1:00:00 AM. 
These special updates do not occur when the DSE 
bit is a zero. This bit is not affected by internal 
functions or RESET. 
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REGISTER C 
MSB 


MK48T87 


LSB 


BIT 7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BITO 


ee oe a 


IRQF 


The Interrupt Request Flag (IRQF) bit is set to a 
one when one or more of the following are true: 


PF=PIE=1 
AF=AIE=1 
UF=UIE=1 
i.¢., IROQF=PF+PIE+AF*AIE+UF*UIE 


Any time the IROF bit is a one the IRQ pin is driven 
low. All flag bits are cleared after Register C is read 
by the program or when the RESET pin is low. 


PF 


The Periodic Interrupt Flag (PF) is a read-only bit 
which is set to a one when an edge is detected on 
the selected tap of the divider chain. The RS3 
through RSO bits establish the periodic rate. PF is 
set to a one independent of the state of the PIE bit. 
When both PF and PIE are one, the IRQ signal is 
active and will set the IRQF bit. The PF bitis cleared 
by a RESET or a software read of Register C. 


REGISTER D 


MSB 


VRT 


The Valid RAM and Time (VRT) bit is set to the one 
state by SGS-THOMSON prior to shipment. This 
bit is not writable and should always be a one when 
read. If a zero is ever present, an exhausted inter- 
nal lithium energy source is indicated and both the 
contents of the RTC data and RAM data are ques- 
tionable. This bit is unaffected by RESET. 


BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 
[ee ee 


AF 


Aone in the AF (Alarm Interrupt Flag) bit indicates 
that the current time has matched the alarm time. 
lf the AIE bit is also a one, the IRQ pin will go low 
and a one will appear in the IRQF bit. ARESET or 
a read of Register C will clear AF. 


UF 


The Update Ended Interrupt Flag (UF) bit is set 
after each update cycle. When the UIE bit is set to 
one, the one in the UF bit causes the IRQF bit to 
be a one which will assert the IRQ pin. UF is cleared 
by reading Register C or a RESET. 


BIT 0 THROUGH BIT 3 


These are unused bits of the status Register C. 
These bits always read zero and cannot be written. 


LSB 
BIT 0 


BIT 6 THROUGH BIT 0 


The remaining bits of Register D are not usable. 
They cannot be written and when read, they will 
always read zero. 
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ABSOLUTE MAXIMUM RATINGS* 


[emit [Pam ate] 
a 


Ambient Storage (Vcc off, Oscillator off) Temperature —40 to +85 
ten | Total Device Power Dissipation 


*Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to absolute maximum rating conditions for extended periods of time may affect reliability. 


W 


RECOMMENDED DC OPERATIONING CONDITIONS (0°C < Ta < 70°C) 


Logic “1" Voltage All Inputs 


Vit Logic “O" Voltage All Inputs 


Average Vcc Power Supply Current od 


: 
a ( 
[a oueriesapscino iY 
<a 


lie 

lon 
VoH Output Logic “1" Voltage (lout = 1.0mA) 
VoL 


Von Output Logic “O" Voltage (lout = 4.0mA) 


CAPACITANCE (Ta = 25°C) 


Capacitance on all pins (except D/Q) 5 
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AC ELECTRICAL CHARACTERISTICS (0°C to 70°C; Vcc = 4.5V to 5.5V) 


a 
Pulse Width, DS/E Low or RD/WR High } 300 | Tos 
Pulse Width, DS/E High or RD/WR Low | 328 fos | 
SC 
SC 
ae wen we 
[eens anoc mae |e 
a 
iw teense 
a noone eo 
[it iene Towner [we 


Output Data Delay Time From DS/E or RD ns 


ka SGS-THOMSON 13/18 
S/ A MICROELECTRONICS ~—......... 


1013 


MK48T87 


Figure 5. Bus Timing for Motorola® Interface 
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Figure 6. Bus Timing for Intel® Interface Read Cycle 
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Figure 7. Bus Timing for Intel Interface Write Cycle 
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Figure 8. IRQ Release Timing 
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Figure 9. Output Load 


Notes : 

1. All voltages are referenced to ground. 

2. All outputs are open. 

3 The MOT pin has an internal pull-down of 20K 
4 


Applies to the ADO-AD7 pins, the IRQ pin and the SQW pin 
when each is in the high impedance state 


The IRQ pin is open drain. 
6. Measured with a load as shown in Figure 9. 


o 
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Figure 10. Power Up/Down Conditions 


tDR 
DATA RETENTION TIME 


VAOQO600 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) (0°C < Ta < 70°C) 


DC ELECTRICAL CHARACTERISTICS (Power Up/Down Trip Points) (0°C < Ta <70°C) 


— Data Retention ieee tomai ave a YEARS { 
(Oscillator on) 


Note : 
1. @25°C. 
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ORDERING INFORMATION 


Example: MK48T87 B 24 


B PHDIP24 24 No User Option 


For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T87A 


CMOS 64 X 8 ADDRESS/DATA MULTIPLEXED 
TIMEKEEPER SRAM 


=» DROP-IN REPLACEMENT FOR PC AT COM- 
PUTER CLOCK/CALENDAR 


» TOTALLY NONVOLATILE WITH 10 YEARS OF 
OPERATION IN THE ABSENCE OF POWER 
=» SELF-CONTAINED SUBSYSTEM INCLUDES 


LITHIUM BATTERY, QUARTZ CRYSTAL AND 
SUPPORT CIRCUITRY 


#» COUNTS SECONDS, MINUTES, HOURS, 
DAYS, DAY OF THE WEEK, DATE, MONTH 
AND YEAR WITH LEAP YEAR COMPENSA- 
TION 


» BINARY OR BCD REPRESENTATION OF 
TIME, CALENDAR AND ALARM 


# 12 OR 24 HOUR CLOCK WITH AM AND PM IN 
12 HOUR MODE 


» SELECTABLE BUS TIMING 
= MULTIPLEX BUS FOR PIN EFFICIENCY 


= INTERFACED WITH SOFTWARE AS 64 RAM 
LOCATIONS: 


— 14 Bytes Of Clock And Control Registers 
— 50 Bytes Of General Purpose RAM 


= PROGRAMMABLE SQUARE WAVE OUTPUT 
SIGNAL 


= BUS COMPATIBLE INTERRUPT SIGNALS 
(IRQ) 


» THREE INTERRUPTS ARE SEPARATELY 
SOFTWARE-MASKABLE AND TESTABLE: 
— Time-of-day Alarm Once/Second To Once/Day 
— Periodic Rates From 122 us To 500 ms 
— End Of Clock Update Cycle 


PIN NAMES 


ADO -AD7 Address / Data 


fires 
EF (emeseet 
a 
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PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 


MK4BTB7A 


OnN OOF WN > 


VAQO0602 


a 


NF pin serves no function and may be connected to other signals 
within Absolute Maximum Ratings, without affecting device oper- 
ation. The electrical characteristics are the same as the other inputs 
pins. 
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Figure 2. Block Diagram 


POWER 
SWITCH 


TT nm Im 


AND PERIODIC PERCU INRSELECTIONS WAVE RATE 
SELECTION 
PERCU INRSELECTIONS OF 16 SELECTOR) 


(be 


WRITE 
PROTECT 


LITHIUM 
ik CELL 


INTERFACE 


DESCRIPTION 


The MK48T87A TIMEKEEPER™ RAM is designed 
to be a compatible replacement for the MC146818 
and the DS1287A. A lithium energy source, a 
quartz crystal and write-protection circuitry are con- 
tained within a 24-pin dual in-line package. The 
MK48187A is, therefore, a complete subsystem 
replacing as many as 16 components in a typical 
application. The functions available to the user 
include a nonvolatile time-of-day clock, an alarm, a 
one-hundred-year calendar, programmable inter- 
rupt, square wave generator, and 50 bytes of non- 
volatile static RAM. The Real Time Clock/RAM is 
unique in that the time-of-day and memory are 
maintained even in the absence of power. 


Automatic deselection of the device provides insur- 
ance that data integrity is not compromised should 
Vcc fall below specified (Vprp) levels. The automat- 
ic deselection of the device remains in effect upon 
power up for a period of 100ms after Vcc rises 
above Vprp, provided the Real Time Clock is run- 
ning and the count down chain is not in reset, 


SQUARE 
& WAVE OUT | 


aera AEE A,B,C,D 
oS ae BYTES) 


CLOCK ALARM 
CALENDAR RAM 
(10 BYTES) 


USER RAM 
(50 BYTES) 


VRO00840 


allowing sufficient time for Vcc to stabilize and 
giving the system clock a wake up period so that a 
valid system reset can be established. 

The block diagram in Figure 2 shows the pin con- 
nection with the major internal functions of 
MK48T87A (Real Time Clock/RAM). For a com- 
plete description of operating conditions, electrical 
characteristics, bus timing, and pin descriptions 
other than RCLR, see the MK48T87 datasheet. 


SIGNAL DESCRIPTION 

RCLR - The RCLR pin is used to clear (set to logic 
“{") all 50 bytes of general purpose RAM but does 
not affect the RAM associated with the Real Time 
Clock. In order to clear the RAM, RCLR must be 
forced to an input Logic ”0" (-0.3 to 0.8 volts) for a 
minimun of 100. ms when Vcc is applied. 
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MK48T87A 
ORDERING INFORMATION 


Example: MK48T87A B 24 


B PHDIP24 24 No User Option 


For a list of available options refer to the Selector Guide in this Data Book or the current Memory Shortform 
that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T02 
MK48T12 


CMOS 2K x 8 TIMEKEEPER SRAM 


» INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 


=» BYTEWIDE RAM-LIKE CLOCK ACCESS. 


» BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 


a SOFTWARE CONTROLLED CLOCK CALIBRA- 
TION FOR HIGH ACCURACY APPLICATIONS. 


» PREDICTED WORST CASE BATTERY STOR- 
AGE LIFE OF 11 YEARS @ 70°C. 


# PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 2K x 8 SRAMS. 


=» AUTOMATIC POWER-FAIL CHIP DESE- 
LECT/WRITE PROTECTION. 


=» TWO POWER-FAIL DESELECT TRIP POINTS 
AVAILABLE : 
— MK48T02 4.75V>Vprp = 4.50V 
— MK48T12 4.50V >Vprp= 4.20V 


DESCRIPTION 


The MK48T02/12 TIMEKEEPER™ RAM combines 
a 2K x 8 full CMOS SRAM, a BYTEWIDE™ ac- 
cessible real time clock, a crystal and a long life 
lithium carbon mono-fluoride battery, all in a single 
plastic DIP package. The MK48T02/12 is a non-vo- 
latile pin and function equivalent to any JEDEC 
standard 2K x 8 SRAM, such as the 6116 or 5517. It 
also easily fits into many EPROM AND EEPROM 
sockets, providing the non-volatility of the PROMs 
without any requirement for special write timing, or 
limitations on the number of writes that can be per- 
formed. 


Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and the 
Clock are combined on the same die. As Figure 2 
indicates, the TIMEKEEPER registers are located 
in the upper eight locations of the RAM. The regis- 
ters contain, beginning at the top: year, month, date, 
day, hours, minutes, and seconds data in 24 Hour 
BCD format. Corrections for 28, 29 (Leap Year), 30 
and 31 day months are made automatically. The 
eight location is a Control register. These registers 
are not the actual clock counters ; they are Bi- 
PORT™ read/write Static RAM memory locations. 
The MK48T02/12 includes a clock control circuit 
that, once every second, transfers the counters into 
the BIPORT RAM. 


February 1992 


1 


PHDIP24 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connection 


MK48T02 
MK48712 
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PIN NAMES 


E eens 
no ene 
a 
i" 
es 


Write Enable 
Output Enable 
DQO - DQ7 Data Inputs/Outputs 
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Figure 2. Block Diagram 


OSCILLATOR AND 
8X8 
CLOCK CHAIN BIPORT 


Sareea, SRAM ARRAY 
CRYSTAL 


2040 x 8 


( —1—— DQ0-DQ7 
SRAM 


VOLTAGE SENSE 
AND 
SWITCHING 
CIRCUITRY 


ARRAY 


LITHIUM 
|| 
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DESCRIPTION (Continued) 


Because the Clock Registers are constructed using The MK48T02/12 also has its own Power-fail 
BiPORT memory cells, access to the rest of the detect circuit. The circuit deselects the device 
RAM proceeds unhindered by updates to the whenever Vcc is out of range, providing a high 
TIMEKEEPER registers, even if the TIMEKEEPER degree of data security in the midst of unpre- 
registers are being updated at the very moment dictable system operations brought on by low Vcc. 
another location in the memory array is accessed. 


TRUTH TABLE 


Vin X X 

X Vit 
Vit 
VIH 


Deselect 
Write 
Read 
Read 


Vin 
Vin igh- 
Power-Fail : 
Battery ; 


<Vccimax) 
>Vocccmin) 


Vit 

Vit 

ViL 
<VPFD(min) Xx 
>Vso 
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ABSOLUTE MAXIMUM RATINGS 


a 
[isaac on anyPncaveie Gone | Os 
Ta Yann OpsatreTomeoate S| 


Ambient Storage (Vcc Off, Oscillator Off) Temperature —40 to +85 


Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability 


CAUTION:Negative undershoots below -0.3 volts are not allowed on any pin while in Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta< 70°C) 


Supply Voltage (MK48T02) 
Supply Voltage (MK48T 12) 


pew 
Logic “1" Voltage All Inputs Voc + 0.3V 
a Logic “O" Voltage All Inputs 


DC ELECTRICAL CHARACTERISTICS 
(0°C < TA < 70°C: Vcc max = Vcc > Vcc min) 


[srmbor [Parameter [tin [ee [tnt Note 
es [RewoeVecPoverSippcuret [|e maT 
[kee fT SantyCorewE=v || 
CMOS Standby Current (E > Vec -0.2V) a ee eee 
— |irouteatage curent yin | tL 
(tex Joules coven |S fT 
| Von Output Logic “1" Voltage (lout = —1.0mA) a are ee ae 
| Vo | Output Logic “O" Voltage (lout = 2.1mMA) ey ee 
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EQUIVALENT OUTPUT LOAD DIAGRAM 


AC TEST CONDITIONS 


Input Levels 0.6V to 2.4V 


Transition Times 5n 


Input and Output Timing 0.8V or 2.2V 
Reference Levels 


DEVICE 


UNDER 

TEST 
100 pF 
(INCLUDING SCOPE 
AND JIG) 


VRCO07S0 


CAPACITANCE 
(Ta = 25°C) 
Capacitance on D/Q pins 10 pF 6, 7 
Notes : 
1. All voltages referenced to GND. 
2. Negative spikes of -1.0 volt allowed for up to 10ns once per cycle. 
3. lcci Measured with outputs open. 
4. Measured with Control Bits set as follows : R= 1; W, ST, KS, FT = 0. 
5. Measured with Vcc= V:2= GND and outputs deselected 
6. Effective capacitance calculated from the equation C = | At/AV with AV = 3 volts and power supply at 5 OV. 
7. Measured with outputs deselected 
wea (7 SGS-THOMSON 
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OPERATION 
READ MODE 


The MK48T02/12 is in the Read Mode whenever 
W (Write Enable) is high and E (Chip Enable) is low. 
The device architecture allows ripple-through ac- 
cess (changing Addresses without removing Chip 
Enable) to any of the 2048 address locations in the 
static storage array. Valid data will be available at 
the Data I/O pins within taa after the last address 
input signal is stable, providing that the E and G 
access times are satisfied. 


Figure 3. Read-Read-Write Timing 


READ 
tRC 


AO-A10 


tCEA 


MK48T02, MK48T12 


If E or G access times are not yet met, valid data 
will be available at the latter of Chip Enable Access 
Time (tcEa) or at Output Enable Access Time (toga). 

The state of the eight three-state Data I/O signals 
is controlled by E and G. If the Outputs are activated 
before tag, the data lines will be driven to an indeter- 
minate state until taa. If the Address Inputs are 
changed while E and G remain low, output data will 
remain valid for Output Data Hold Time (ton) but 
will go indeterminant until the next taa. 


READ WRITE 
tRC twCc 


a es 
tAS 
| taw 


DQO0-DQ7 


te rte iors 
<|VALID OUT|» 


{| VALID OUT) OUT ¢ VALID IN) ¢ VALID IN) 
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AC ELECTRICAL CHARACTERISTICS oe Cycle Timing) 


(O°C <Ta < 70°C; Vcc max2 Vec 2 Vcc min) 


free] tem | | 
in [A [i [Ae [yh 


[ee [feadeysetime «i t@o] veo] [amo | [aso] | me | 
im _adessaccessTine | [m0] [0] amo] [amo me | 1 
[tex [eripenabieAccessTine | [20] | r80| | 200) [aso] ve | + 

toca | Output Enable Access Time | [| |] {8} | 90] ne | 4 | 
Chip Enable Hi to High 2 | [30) | 35] | 40]; | 50] ns | 
ie [BapaenberionerZ [ffs | —o[ [=| = | 
or [koa oahoa tne eee ep 


Note : Measured using the Output Load Diagram shown Page 4. 
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WRITE MODE 


The MK48T02/12 is in Write Mode whenever the 
W and E inputs are held low. The start of a Write is 
referenced to the latter occurring falling edge of 
either W or E. A Write is terminated by the earlier 
rising edge of W or E. The addresses must be held 
valid throughout the cycle. W or E must return high 
fora minimum of twr prior to the initiation of another 
Read or Write Cycle. Data-in must be valid for tps 
prior to the End of Write and remain valid for tox 
afterwards. 


Figure 4. Write-Write-Read Timing 


tCEZ 


VALID 
DQO0-DQ7 ‘out 


Some processors thrash producing spurious Write 
Cycles during power-up, despite application of a 
power-on reset. Users should force W or E high 
during power-up to protect memory after Vcc 
reaches Vcc (min) but before the processor stabi- 
lizes. 


The MK48T02/12 G input is a DON'T CARE in the 
write mode. G can be tied low and two-wire RAM 
control can be implemented. A low on W will disable 


’ the outputs twez after W falls. Take care to avoid bus 


contention when operating with two-wire control. 


VRO00795 


AC ELECTRICAL CHARACTERISTICS (Write Cycle Timing) 


(0°C < Ta < 70°C; Voc max 2 Vcc = Vcc min) 


Chip Enable to End of Write 


Symbol Parameter 
rms] teem io 


we wiecraetine Sie te0] amo) 
is [accessseuptie fe] je] jo] jo] [=| 
ian AdeseeidtoErdotwie | o> || ao| [ao] | too) | me | 
Pe [ [eo [|r| eof Pe 
Tew WitErabeioendcrwite | 7 |e [wo] [veo] | wm | 
tm [itoRecoveyTine fo] fo] wo) | mw | 
[ies [oaaseuptme +f {|| [| |] [m= | 
ior [pawvoatine | s{ fs[[*| [*| [wm] 
[vez [WiErabeLowoninz | [| 1%] [*] |@[ =| 


erase | Ta Tae 
x | [ix |. 
| fe | 
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CLOCK OPERATIONS 
Reading The Clock 


Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
data in transition. Because the BIPORT TIME- 
KEEPER cells in the RAM array are only data 
registers, and not the actual counters, updating the 
registers can be halted without disturbing the clock 
itself. 


Updating is halted when a “1" is written into the 
"Read" bit, the seventh most significant bit in the 
Control Register. As long as a “1” remains in that 
position, updating is halted. After a Halt is issued, 
the registers reflect the count, that is day, date, and 
time that were current at the moment the Halt 
command was issued. All of the TIMEKEEPER 
registers are updated simultaneously. A Halt will not 
interrupt an update in progress. Updating is within 
a second after the bit is reset to a "0". 


Setting The Clock 


The eighth bit of the Control register is the “Write” 
bit. Setting the Write bit to a “1", like the Read Bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a0" then transfers those values the 
actual TIMEKEEPER counters and allows normal 
operation to resume. The KS bit, FT bit and the bits 
marked with zeros in Figure 5 must be written with 
zeros to allow normal TIMEKEEPER and RAM 
operation. 


Figure 5. The MK48T02/12 Register Map 


moo jo | 
me xs fo | 


7FF 
eo ae se SS 
Eee ee ee 
| mc fo er fo fo fo | Ter 
eee ee) ee 
es ae eee ane a ae ee 
ae ee eee 
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Calibrating The Clock 


The MK48T02/12 is driven by a quartz crystal 
controlled oscillator with a nominal frequency of 
32768 Hz. The crystal is mounted in the Top Hat 
along with the battery. A typical MK48T02/12 is 
accurate within + 1 minute per month at 25°C 
without calibration. The devices are tested not to 
exceed + 35ppm (Parts Per Million) oscillator fre- 
quency error at 25°C, which equates to about 1.53 
minute per month. Of course the oscillation rate of 
any crystal changes with temperature. Figure 6 
shows the frequency error that can be expected at 
various temperatures. 


Most clock chips compensate for crystal frequency 
and temperature shift error with cumbersome trim 
capacitors. The MK481T02/12 design, however, 
employs periodic counter correction. The calibra- 
tion circuit adds or subtracts counts from the oscil- 
lator divider circuit at the divide by 256 stage, as 
shown in Figure 7. The number of times pulses are 
blanked (subtracted, negative calibration) or split 
(added, positive calibration) depends upon the 
value loaded into the five bit Calibration byte found 
in the Control register. Adding counts speeds the 
clock up, subtracting counts slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. The byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit, “1" indicates positive 
calibration, ”0" indicates negative calibration. Cali- 
bration occurs within a 64 minute cycle. The first 62 
minutes in the cycle may, once per minute, have 


FUNCTION 


YEAR 00-99 


St [Storer [R= [peaber [pT [>_[rreqvenovresr 
we _[wrireer [5 [= [over ks > (Keoxstar 
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one second either shortened or lengthened by 128 
oscillator cycles, that is one tick of the divide by 256 
stage. If a binary 1 is loaded into the register, only 
the first two minutes in the 64 minute cycle will be 
modified ; if a binary 6 is loaded, the first 12 will be 
affected, and so on. 


Therefore, each calibration step has the effect of 
adding or subtracting 256 oscillator cycles for every 
125,829,120 (382768 x 60 x 64) actual oscillator 
cycies, that is 2.034 ppm of adjustment per calibra- 
tion step ; giving the user a +63.07 ppm calibration 
range. Assuming that the oscillator is in fact running 
at exactly 32768 Hz, each of the 31 increments in 
the Calibration byte would represent 5.35 seconds 
per month, which corresponds to a total range of 
+ 2.75 minutes per month. 


Two methods are available for ascertaining how 
much calibration a given MK48T02/12 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
this may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro- 
duct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
untility that accesses the Calibration byte. The 
utility could even be menu driven and made fool- 
proof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
register, is set to a “1", and the oscillator is running 
at 32768 Hz, the LSB (DQo) of the Seconds register 
will toggle at a 512 Hz. Any deviation from 512 Hz 
indicates the degree and direction of oscillator fre- 
quency shift at the test temperature. For example, 
a reading of 512.00512Hz would indicate a 
+10 ppm (1 — (512/512.00512)) oscillator fre- 
quency error, requiring a -—5 (0001012) to be 
loaded into the Calibration Byte for correction. Note 
that setting or changing the Calibration Byte does 
not affect the Frequency Test output frequency. The 
device must be selected and addresses must be 
stable at Address 7F9 when reading the 512 Hz on 
DQo. 


The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds register is monitored by holding the 
MK48T02/12 in an extended read of the Second 
register, without having the Read bit set. The FT bit 
MUST be reset to a “O" for normal clock operations 
to resume. 


STOPPING AND STARTING THE OSCILLATOR 
The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The “Stop” 
bit is the MSB of the Seconds register. Setting it to 
a “1" stops the oscillator. In order to make the 
oscillator as stingy with current as possible, the 
oscillator is designed to require an extra "kick" to 
begin oscillation again. The extra kick is provided 
by the Kick Start (KS) bit, the MSB of the Hours 
register. To start the oscillator, implement the fol- 
lowing procedure : 


1. Set the Write Bit to “1”. 

. Reset the Stop Bit to “O". 

. Set the Kick Start Bit to “1”. 

. Reset the Write Bit to “O". 

. Wait 2 seconds. 

. Set the Write Bit to “1". 

. Reset the Kick Start Bit to “O". 
. Set the Correct time and date. 
9. Reset the Write Bit to “O". 


Note : Leaving the KS bit set will cause the Clock to draw excessive 
current and will shorten battery life. 


ON Oo FR WD PY 


Figure 6. Oscillator Frequency VS 
Temperature 
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DATA RETENTION MODE 


With Vcc applied, the MK48T02/12 operates as a 
conventional BYTEWIDE static RAM. However, 
Vcc is being constantly monitored. Should the sup- 
ply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when Vcc 
falls within the VpFp (max), VepFp (min) window. The 
MK48T0O2 has a Vprp (max) - VpFp (min) window 
of 4.75 volts to 4.5 volts, providing very high data 
security, particularly when all of the other system 
components are specified to 5.0 volts plus and 
minus 10%. The MK48T12 has a Vprp (max) - VpFp 
(min) window of 4.5 volts to 4.2 volts, allowing users 
constrained to a 10% power supply specification to 
use the device. 


Note : A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp (min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time does not exceed tr. The 
MK48T02/12 may respond to transient noise 
spikes that reach into the deselect window if they 
should occur during the time the device is sampling 
Vcc. Therefore decoupling of power supply lines is 
recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. As Vcc rises the battery voltage 
is checked. If the voltage is too low, an internal 
Battery Not OK (BOK) flag will be set. The BOK flag 
can be checked after power up. If the BOK flag is 
set, the first write attempted will be blocked. The 
flag is automatically cleared after the first write, and 
normal RAM operation resumes. Figure Q illus- 
trates how a BOK check routine could be struc- 
tured. 


Normal RAM operation can resume trec after Vcc 
exceeds Vprp (max). Caution should be taken to 
keep E or W high as Vcc rises past Vprp (min) as 
some systems may perform inadvertent write 
cycles after Vcc rises but before normal system 
operation begins. 


Figure 7. Adjusting the Divide by 256 Pulse 
Train 


NORMAL | | | | | | | | 
POSITIVE | | | | | | | | | | 
CALIBRATION 


NEGATIVE | | | | | | 
CALIBRATION 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48T02/12 is 
expected to ultimately come to an end for one of 
two reasons : either because it has been dis- 
charged while providing current to an external 
load ; or because the effects of aging render the 
cell useless before it can actually be discharged. 
Fortunately, these two effects are virtually unre- 
lated, allowing discharge, or Capacity Consump- 
tion and the effects of aging, or Storage Life to be 
treated as two independent but simultaneous 
mechanisms, the earlier of which defines Back-up 
System life. 


The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Vcc or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vcc on, the 
battery is disconnected from the RAM. Because the 
leakage currents of the MK48T02/12 are so low, 
they can be neglected in practical Storage Life 
calculations. Therefore, application of Vcc or turn- 
ing off the oscillator can extend the effective Back- 
up System life. 
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Figure 8. Power-Down/Power-Up Timing 


Vcc 
VPFD(max) 


VPFD(min) 
vso 


DC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Trip Point Voltages) 
(0°C < Ta < +70°C) 


smoot Pavano ns | 
: 


) : 


Battery Back-Up Switchover Voltage Ed 


AC ELECTRICAL CHARACTERISTICS (Power-Down/Power-Up Timing) 
(O°C < Ta < +70°C) 


Notes : 

1. All voltages referenced to GND. 

2. Vprp (max) to Verp (min) fall times of less te may result in deselection/write protection not occurring until 50us after Vcc passes Vprp (min). 
3. Vprp (min) to Vso fall tmes of less than ters may cause corruption of RAM data or stop the clock. 
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PREDICTING STORAGE LIFE 


Figure 10 illustrates how temperature affects Stor- 
age Life of the MK48T02/12 battery. As long as Vcc 
is applied or the oscillator is turned off, the life of the 
battery is controlled by temperature and is virtually 
unaffected by leakage currents drawn by the 
MK48T02/1 2. 


Storage Life predictions presented in Figure 10 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, temperature 
accelerated testing cannot identify non-temperature 
dependent failure mechanisms. However, in view of 
the fact that no random cell failures have been 
recorded in any of SGS-THOMSON’s on going bat- 
tery testing since it began in 1982, we believe the 
chance of such failure mechanisms surfacing is ex- 
tremely small. For the purpose of this testing, a cell 
failure is defined as the inability of a cell stabilized at 
25°C to produce a 2.4 volt closed-circuit voltage 
across a 250K ohm load resistance. 


A Special Note : The summary presented in Figure 
10 represents a conservative analysis of the data 
presently available. While SGS-THOMSON is most 
likely in possession of the largest collection of battery 
life data of this kind in the world, the results presented 
should not be considered absolute or final ; they can 
be expected to change as yet more data becomes 
available. We believe that future read-points of life 
tests presently under way and improvements in the 
battery technology itself will result in a continuing 
improvement of these figures. 


Two end of life curves are presented in Figure 10. They 
are labeled “Average” (tso%) and (t1%). These terms 
relate to the probability that a given number of failures 
will have accumulated by a particular point in time. If, for 
example, expected life at 70°C is at issue, Figure 10 
indicates that a particular MK48T02/12 has a 1% 
chance of having a battery failure 11 years into its life 
and a 50% chance of failure at the 20 year mark. 
Conversely, given a sample of devices, 1% of them can 
be expected to experience battery failure within 11 years 
; 50% of them can be expected to fail within 20 years. 


The ti% figure represents the practical onset of wear out, 
and is therefore suitable for use in what would normally 
be thought of as a worst-case analysis. The t50% figure 
represents “normal” or “average” life. It is, therefore, 
accurate to say that the average device will last “tso.”. 


Battery life is defined as beginning on the date of 
manufacture. Each MK487T02/12 is marked with a 
nine digit manufacturing data code in the form 
H99XXYYZZ, example: H995B9231 is H - fabri- 
cated in Carrollton, TX; 9 - assembled in Muar, 
Malaysia; 9 - tested in Muar, Malaysia; 5B - lot 
designator; 9231 - assembled in the year 1992, 
work week 31. 
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Figure 9. Checking the BOK Flag Status 
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CALCULATING PREDICTED STORAGE LIFE 
OF THE BATTERY 


As Figure 10 indicates, the predicted Storage Life 
of the battery in the MK48T02/12 is a function of 
temperature. 


Because the ambient temperature profile is depen- 
dent upon application controlled variables, only the 
user can estimate predicted Storage Life in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Storage Life can be 
read directly from Figure 10. If the MK48T02/12 
spends an appreciable amount of time at a variety 
of temperatures, the following equation should be 
used to estimate Storage Life. 


{i SGS-THOMSON 11/14 
S/ A MICROELECTRONIGS ~ CC 


1033 


MK48T02, MK48T12 


Predicted Storage Life = 


[(TA/TT)/SLiy] + [(TA/TT)/SLe] + ... + [((TA/TT)/SL,] 


Where TA:, TAo, TA, = Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TA; + TAe +... + TAn 
SL:, SL, SL, = Predicted Storage Life at Temp 1, Temp 2, etc. (See Figure 10). 


EXAMPLE PREDICTED STORAGE LIFE CAL- 
CULATION 


A cash register/terminal operates in an environ- 
ment where the MK48T02/12 is exposed to tem- 
peratures of 30°C (86°F) or less for 4672 hrs/yr ; 
temperatures greater than 25°C, butless than 40°C 


(104°F), for 3650 hrs/yr ; and temperatures greater 
than 40°C, but less than 70°C (158°F), for the 
remaining 438 hrs/yr. 


Reading predicted t,., values from Figure 10 ; SL: = 456 yrs., SLz = 175 yrs., SLs = 11.4 yrs. 
Total Time (TT) = 8760 hrs./yr. TA: = 4672 hrs./yr. TA2 = 3650 hrs./yr. TAs = 438 hrs./yr. 


Predicted Typical Storage = 


> 126 yrs 


PREDICTING CAPACITY CONSUMPTION LIFE 


The MK48T02/12 internal cell has a nominal ca- 
pacity of 39mAh. The device places a nominal 
combined RAM and TIMEKEEPER load of 1.2uA 
on the internal battery when the clock is running 
and the device is in Battery Back-up mode. At that 
rate, the MK48T02/12 will consume the cell’s ca- 
pacity in 32,500 hours, or about 3.7 years. But, as 
Figure 11 shows, Capacity Consumption can be 
spread over a much longer period of time. 


Naturally, Back-up current varies with temperature. 
As Figure 12 indicates, the rate of Current Con- 
sumption by the MK48T02/12 with the clock run- 
ning in Battery Back-up mode is a function of 
temperature. 


Because the ambient temperature profile is de- 
pendent upon application controlled variables, only 
the user can estimate consumption rates in a given 
design. As long as ambient temperature is held 
reasonably constant, expected Capacity Con- 


[(4672/8760)/456] + [(3650/8760)/175] + [(438/8760)/11.4] 


sumption life can be estimated by reading 0% Vcc 
Duty Cycle Capacity Consumption life directly from 
Figure 12, and dividing by the expected Vcc Duty 
Cycle (i.e. at 25°C with a 66% Duty Cycle, Capacity 
Consumption Life = 3.7/(1-.66) = 10.9 years). 


If the MK48T02/12 spends an appreciable amount 
of time at a variety of temperatures, the same 
equation provided in the previous Storage Life 
section should be used to estimate Capacity Con- 
sumption life. 


Example consumption life calculation 


Taking the same cash register/terminal used ear- 
lier, let's assume that the high and low temperature 
periods are the non-operating, Battery Back-up 
mode periods, and that the register is turned on 10 
hours a day seven days per week. The two points 
of interest on the curves in Figure 12 will be the 
25°C and the 70°C points. 


Reading Capacity Life values from Figure 12 ; CL; = 3.7 yrs., CLs = 3.96 yrs. 
Total Time (TT) = 8760 hrs./yr. TA: = 4672 hrs./yr. TAz = 438 hrs./yr. 


Capacity Life = 


[(4672/8760)/3.7] + [(438/8760)/3.96] 


> 6.38 yrs. 
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ESTIMATING BACK-UP SYSTEM LIFE Figure 11. Typical Capacity Consumption Life at 


The procedure for estimating Back-up System Life 29 © VS. Vcc Duty Cycle 
is simple. Pick the lower of the two numbers. In the 
case calculated in the examples, that would be 6.38 


years. The fact is, since either mechanism, Storage °° AEE 

Life or Capacity Consumption, can end the sys- a a Ha a 0B 7 
tem’s life, the end is marked by whichever occurs 209 S000 ESS Sees es Se oe 
first. Ie 0 oe 
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Figure 10. Predicted Battery Storage Life Versus Temperature 
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Figure 12. Current Consumption Life over Tem- APPLICATION NOTE : 


: ° D [ 
perature with 0% Vcc Duty Cycle BINARY TO BCD, AND BCD TO BINARY CON- 


VERSION 

The MK48T02/12 presents and accepts TIME- 
KEEPER data in BCD format. Conversion to or 
from other formats can be executed in a single line 
of code, as the following example BASIC program 
demonstrates. 

10 REM BINARY TO BCD 


20. DEF ~~ FNA(X)=INT (X/10) 16+X-INT 
(X/10) 10 
30 REM BCD TOBINARY 


40 DEF  FNB(X)= INT (X/16) 
*40+(XAND15) 


DEGREES CELSIUS 


ORDERING INFORMATION 


Example: MK48T02 B 12 


B PHDIP24 12 120ns 
15 150ns 
20 200ns 
25 250ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shoriform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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MK48T08 
MK48T18 


CMOS 8K x 8 TIMEKEEPER SRAM 


™ INTEGRATED ULTRA LOW POWER SRAM, 
REAL TIME CLOCK, CRYSTAL, POWER-FAIL 
CONTROL CIRCUIT AND BATTERY. 


=» BYTEWIDE RAM-LIKE CLOCK ACCESS. 


»" BCD CODED YEAR, MONTH, DAY, DATE, 
HOURS, MINUTES AND SECONDS. 


=» SOFTWARE CONTROLLED CLOCK CALIBRA- 
TION FOR HIGH ACCURACY APPLICATIONS. 


=» 10 YEARS OF DATA RETENTION IN THE AB- 
SENCE OF POWER. 


# PIN AND FUNCTION COMPATIBLE WITH 
JEDEC STANDARD 8K x 8 SRAMS. 


= AUTOMATIC POWER-FAIL CHIP DESE- 
LECTMWRITE PROTECTION. 


=» CHOICE OF TWO WRITE PROTECT VOLT- 
AGES: 
— MK48T08 - 4.50 < Vpep< 4.75V 
— MK48T18 - 4.20 < Vpep< 4.50V 


DESCRIPTION 


The MK48T08/18 TIMEKEEPER™ RAM combines 
an 8K x 8 full CMOS SRAM, a BYTEWIDE™ ac- 
cessible Real Time Clock, a crystal and a long life 
lithium carbon mono-fluoride battery in a single 
plastic DIP package. The MK48T08/18 is a non- 
volatile pin and function equivalent to any JEDEC 
standard 8K x 8 SRAM. It also easily fits into many 
EPROM and EEPROM sockets, providing the non- 
volatility of PROMs without any requirement for 
special write timing, or limitations on the number of 
writes that can be performed. 


Access to the clock is as simple as conventional 
BYTEWIDE RAM access because the RAM and 
the clock are combined on the same die. As Figure 
2 indicates, the TIMEKEEPER registers are lo- 
cated in the upper eight locations of the RAM. The 
registers contain, beginning at the top: year, month, 
date, day, hour, minutes, and seconds data in 24 
hour BCD format. Corrections for 28, 29 (Leap 
Year), 30 and 31 day months are made automati- 
cally. The eighth location is a control register. 
These registers are not the actual clock counters; 
they are BIPORT™ read/write Static RAM memory 
locations. The MK48T08/18 includes a clock con- 
trol circuit that, once every second, transfers the 
counter information into the BIPORT RAM. 


February 1992 


"| 
PHDIP28 WITH BATTERY TOP HAT (B) 


Figure 1. Pin Connections 


MK48T08 
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Power Fail Interrupt 


1/14 


1037 


MK48T08, MK48T18 


Figure 2. Block Diagram 


OSCILLATOR AND 


CLOCK CHAIN 
1 
32768 H 
CRYSTAL | 


VOLTAGE SENSE 
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LITHIUM | | SWITCHING 
CELL CIRCUITRY 


DESCRIPTION (Continued) 


Because the Clock Registers are constructed using 
BiPORT memory cells, access to the rest of the 
RAM proceeds unhindered by updates to the 
TIMEKEEPER registers, even if the TIMEKEEPER 
registers are being updated at the very moment 


TRUTH TABLE 


< Vprp (min) 
> Ven 
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BIPORT 
SRAM ARRAY 


AO-A12 


( —+ —— )DQ0-DQ7 


8184 x 8 


SRAM 


ARRAY 


VRO00817 


another location in the memory array is accessed. 


The MK48T08/18 also has its own Power-fail De- 
tect circuit. The circuit deselects the device when- 
ever Vcc is below tolerance, providing a high de- 
gree of data security in the midst of unpredictable 
system operations brought on by low Vcc. 


Battery 
Back-up 
Mode 
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ABSOLUTE MAXIMUM RATINGS* 


smoot [Famer |e | 
i 
[Vin lotesewanyPresiewano | awa | 
PO 
Ambient Storage (Vcc Off, Oscillator Off) Temperature a ee eee 


* Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this specification 
is not implied. Exposure to the absolute maximum ratings conditions for extended periods of time may affect reliability. 


CAUTION: Negative undershoots below —0.3 volts are not allowed on any pin while in the Battery Back-up mode. 


RECOMMENDED DC OPERATING CONDITIONS 
(0°C < Ta S$ +70°C) 


Ve Supply Voltage (MK48T08) <a 


| Moo 

ee 
Logic “1" Voltage All Inputs 
pM | Logic “O" Voltage All Inputs asf os 


DC ELECTRICAL CHARACTERISTICS 
(0°C <Tas +/0°C: Voecmin < Vcc < Voecmax) 


a 
ts aeamevcoPowesamvomen | |e | om | 8 
TTL Standby Current (E1 = Vin or Eo = Vit) ee ee 
CMOS Standby Current (E; = Vec -0.2V) a a ee 
ie frtiaane com oyinwn [ttf A 
(e foveatedeseowe Ts [sf kT 
| Von | Output Logic “1" Voltage (lout = —1.0mA) Ee 
| vo [ou Output Logic “O" Voltage (lout = +2.1mA) ne 
wer ttage ve tan=voamay | | ee | | 
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AC TEST CONDITIONS OUTPUT LOAD DIAGRAM 
Input Levels 0.0Vto 3.0 V 


Transition Times 5 ns 


Input and Output Timing 1.5V 
Reference Levels 


VROO0823 


CAPACITANCE 


(Ta = 25°C) 


ee 


C 


Capacitance On DQ Pins 


Notes: 1.All voltages referenced to GND. 
2 Negative spikes of -1.0 volt allowed for up to 10 ns once per Cycle. 
3.lcc1 measured with outputs open. 
4.1 mA typical. 
5 Measured with Vcc 2 Vi 2 GND and outpus deselected. 
6. Measured with Control Bits set as follows :R=1,W, ST, FT =0 
7. Effective capacitance calculated from the equation C = | At/AV with AV = 3 volts and power supply at 5 0 V 
8. Measured with outputs deselected. 
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Figure 3. Power Down/Up Timing 


Voc 
VPFD(max) 


VPFD(min) 
VSO 


INPUTS DON'T CARE RECOGNIZED 


OUTPUTS (PER CONTRO. INPUT) 


VAOO566 


Note: Inputs may or may not be recognized at this time. Caution should be taken to keep Ei high or E2 low as Vcc rises past Verp(min). Some 
systems may performs inadvertent write cycles after Vcc rises above Vprp(min) but before normal system operations begins. Even though a 
power on reset is being applied to the processor a reset condition may not occur until after the system clock is running. 


AC ELECTRICAL CHARACTERISTICS (Power Up/Down Timing) (0°C < Ta < +70°C) 


Parameter 


tpp E; or W at Vin or Eo at Vi. before Power Down 


Vprp (max) to Vprp (min) Vcc Fall Time 


tFB Vpep (min) to Vso Vcc Fall Time 


Vprp(min) to Vpep (max) Voc Rise Time 


Vso to Verp (min) Vcc Rise Time 


Symbol Parameter ue 


Power-fail Deselect Voltage (MK48T08) 
Power-fail Deselect Voltage (MK48T 18) 
Vo [Bate BeccapSviciovervetags ||| | Yt 
ter [Sessa renientine [|| Wea | 


Notes: 1.All voltages referenced to GND. 


2 Veep (max) to Verb (min) fall time of less than te may result in deselection/write protection not occurring until 200 ps after Vcc pas- 
ses Vprp (min). 


3 Veep (min) to Vso fall time of less than tes may cause corruption of RAM data. 
4. INT may go high anytime after Vcc exceeds Verp (min) and is guaranteed to go high tern after Vcc exceeds Verp (max). 
5.@ 25°C. 
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READ MODE 


The MK48T08/18 is in the Read Mode whenever 
W (Write Enable) is high, E1 (Chip Enable 1) is low, 
and Es (Chip Enable 2) is high. The device archi- 
tecture allows ripple through access of data from 
eight of 65,536 locations in the static storage array. 
Thus, the unique address specified by the 13 Ad- 
dress Inputs defines which one of the 8,192 bytes 
of data is to be accessed. Valid data will be avail- 
able at the Data I/O pins within tavav after the last 
address input signal is stable, providing that the 
Chip Enable and Output Enable access times are 
satisfied. 


AC ELECTRICAL CHARACTERISTICS (Read Cycle) 


MK48Tx8-10 | MK48Tx8-15 


(0°C < Ta < +70°C; Voc min < Voc < Vcc max) 


= 
Ce | 
fie [8 
fe [8 
f= [ [ee 
fa [ a 
=| ee 
fee 


lf Chip Enable or Output Enable access times are 
not yet met, valid data will be available at the latter 
of Chip Enable Access Time (teLav) or at Output 
Enable Access Time (tatav). The state of the eight 
three-state Data I/O signals is controlled by Chip 
Enable and Output Enable. If the Outputs are acti- 
vated before tavav, the data lines will be driven to 
an indeterminate state until tavav. If the Address 
Inputs are changed while Chip Enable and Output 
Enable remain low, output data will remain valid for 
Output Hold from Address (taxax) but will go in- 
determinate until the next Address Access. 
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Figure 4. Read Timing n° 1 (Address Access) 
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Figure 5. Read Timing n° 2 
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WRITE MODE 


The MK48T08/18 is in the Write Mode whenever 
Write Enable and Chip Enable are active. The start 
of a write is referenced to the latter occurring falling 
edge of W or Ei or rising edge of E2._A write is 
terminated by the earlier rising edge of W or E1, or 
the falling edge of E2. The addresses must be held 


to the initiation of another read or write cycle. 
Data-in must be valid tpvwu prior to the end of write 
and remain valid for twHpx afterward. 


Because G is a Don't Care in the Write Mode and 
a low on W will return the outputs to High-Z, G can 
be tied low and two-wire RAM control can be 
implemented. A low on W will disable the outputs 


twLqz after W falls. Take care to avoid bus conten- 
tion when operating with two-wire control. 


valid throughout the cycle. E1 or W must return 
high or E2 low for minimum of te1HAx Or te2Lax prior 


AC ELECTRICAL CHARACTERISTICS tO Cycle) 
(0O°C < Ta < +70°C; Voc min < Vcc < Vcec max) 


| MK4BTx8-10 10 
Symbol Parameter 


Address Set-Up Time 

to Chip Enable Active 

Write Recovery from Chip 
Enable (Address Hold Time) 
Chip Enable Active to 

End of Write 130 
ep = 
mo Ewowicwotwrz fo | wT fm | 
mae [wiweonz | TP me | 


Notes: 
1 InaWControlled Cyle 
2. Ina E;, E2 Controlled Cycle 
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Figure 6. Write Control Write Cycle Timing 


ADDRESS 


tAVWH 


tAVE1L = 1 tE1HAX 
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Figure 7. Chip Enable Control Write Cycle Timing 
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DATA RETENTION MODE 


With Vcc applied, the MK48T08/18 operates as a 
conventional BYTEWIDE Static RAM. Should the 
supply voltage decay, the RAM will automatically 
power-fail deselect, write protecting itself when 
Vcc falls within the Vpfp(Max), Verp(Min) window. 


Note: A mid-write cycle power failure may corrupt 
data at the currently addressed location, but does 
not jeopardize the rest of the RAM’s content. At 
voltages below Vprp(Min), the user can be assured 
the memory will be in a write protected state, 
provided the Vcc fall time is not less than tr. The 
MK48T08/18 may respond to transient noise 
spikes on Vcc that reach into the deselect window 
if this should occur during the time the device is 
sampling Vcc. Therefore decoupling of the power 
supply lines is recommended. 


The power switching circuit connects external Vcc 
to the RAM and disconnects the battery when Vcc 
rises above Vso. Normal RAM operation can re- 
sume trec after Vcc exceeds Vprp(Max). Caution 
should be taken to keep Ei high or E2 low as Vcc 
rises past Vprp (Min) as some systems may per- 
form inadvertent write cycles after Vcc rises but 
before normal system operation begins. 


POWER FAIL INTERRUPT 


The MK48T08/18 continuously monitors Vcc. 
When Vcc falls to the power-fail detect trip point of 
the MK48T08/18 an interrupt is immediately gen- 
erated. An internal clock provides a delay no less 
than 10 ps but no greater than 40 us before auto- 
matically deselecting the MK48T08/18. The INT pin 
is an open drain ouput and requires an external pull 
up resistor. 


PREDICTING BACK-UP SYSTEM LIFE 


The useful life of the battery in the MK48T08/18 is 
expected to ultimately come to an end for one of 
two reasons: either because it has been  dis- 
charged while providing current to an external load; 
or because the effects of aging render the cell 
useless before it can actually be discharged. For- 
tunately, these two effects are virtually unrelated, 
allowing discharge, or Capacity Consumption, and 
the effects of aging, or Storage Life, to be treated 
as two independent but simultaneous mechan- 
isms, the earlier of which defines Back-up Sys- 
tem life. 


The current drain that is responsible for Capacity 
Consumption can be reduced either by applying 
Vcc or turning off the oscillator. With the oscillator 
off, only the leakage currents required to maintain 
data in the RAM are flowing. With Vcc on, the 
battery is disconnected from the RAM. Because 
the leakage currents of the MK481T08/18 are so low, 
they can be neglected in practical Storage Life 
calculations. Therefore, application of Vcc or turn- 


ing off the oscillator can extend the effective Back- 
up System life. 


PREDICTING STORAGE LIFE 


Figure 8 illustrates how temperature affects Stor- 
age Life of the MK48T08/18 battery. The life of the 
battery is controlled by temperature andis virtually 
unaffected by leakage currents drawn by the 
MK487T08/18. 


Storage Life predictions presented in Figure 8 are 
extrapolated from temperature accelerated life-test 
data collected in over 100 million device hours of 
continuing bare cell and encapsulated cell battery 
testing by SGS-THOMSON. Obviously, tempera- 
ture accelerated testing cannot identify non-tem- 
perature dependent failure mechanisms. However, 
in view of the fact that no random cell failures have 
been recorded in any of SGS-THOMSON’s on 
going battery testing since it began in 1982, we 
believe the chance of such failure mechanisms 
surfacing is extremely small. For the purpose of 
the testing, a cell failure is defined as the inability 
of a cell stabilized at 25°C to produce a 2.4 volt 
closed-circuit voltage across a 250K load resis- 
tance. 


Two end of life curves are presented in Figure 8. 
The are labeled “Average” (ts0%) and (ti%). These 
terms relate to the probability that a given number 
of failures will have accumulated by a particular 
point in time. If, for example, expected life at 
70°C is at issue, Figure 8 indicates that a partic- 
ular MK48T08,T18 has a 1% chance of having a 
battery failure 11 years into its life and a 50% 
chance of failure at the 20 year mark. Conversely, 
given a sample of devices, 1% of them can be 
expected to experience a battery failure within 11 
years; 50% of them can be expected to experience 
a failure within 20 years. 


The ti% figure represents the practical onset of 
wear out, and is therefore suitable for use in what 
would normally be thought of as a worst-case 
analysis. The tso% figure represents “normal” or 
“average” life. It is, therefore, accurate to say that 
the average device will last “tso%,”. 


Each MK48T08/18 is marked with a nine digit 
manufacturing date code in the form H99XXYYZZ, 
example: H995B9231 is H - fabricated in Carroll- 
ton, TX; 9 - assembled in Muar, Malaysia;; 9 - tested 
in Muar, Malaysia; 5B - lot designator; 9231 - 
assembled in the year 1992, work week 31. 
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Calculating Predicted Storage Life of the Battery 


As Figure 8 indicates, the predicted Storage Life of 
the battery in the MK48T08/18 is a function of 
temperature. 


Because the ambient temperature profile is de- 
pendent upon application controlled variables, only 


MK48T08, MK48T18 


the user can estimate predicted Storage Life ina 
given design. As long as ambient temperature is 
held reasonably constant, expected Storage Life 
can be read directly from Figure 8. If the 
MK48T08/18 spends an appreciable amount of 
time at a variety of temperatures, the following 
equation should be used to estimate Storage Life. 


Predicted Storage Life = 1 / { [(TA1/ TT) / SLi] + [(TA2/ TT) / SL2] + ...+ [(TAN / TT) / SLn] } 


Where TA, TA2, TAN, 


= Time at Ambient Temperature 1, 2, etc. 
TT = Total Time = TA; + TAo+.. 


.+ TAN 


SL1, SL2, SLn = Predicted Storage Life at Temp. 1, Temp. 2, etc. (See Figure 8) 


Example Predicted Storage Life Calculation 


A cash register/terminal operates in an environ- 
ment where the MK48T08/18 is exposed to tem-per- 


Reading Predicted ti, values from Figure 8; SL 
8760 hrs./yr. TA‘ 


Total Time (TT) = 


atures of 55°C or less for 8322 hrs./yr.; and tem- 
peratures greater than 60°C, but less than 70°C, for 


the remaining 438 hrs./yr. 


= 41 yrs., SLo = 11.4 yrs., 


= 8322 hrs./yr. TA2 = 438 hrs./yr. . 


Predicted Typical Storage Life > 1 / { [ (8322 / 8760) / 41] + [(438 / 8760) / 11.4] 


Predicted Typical Storage Life = 


36 years 


Figure 8. Predicted Battery Storage Life Versus Temperature 


O 
9 
8 
7 
6 
5 
4 
3 


DEGREES CELSIUS 


VR000825 


. SON 11/14 
ky, SS 


1047 


MK48T08, MK48T18 


Calculating Predicted Capacity Consumption 


The MK487T08/18 internal cell has a nominal ca- 
pacity of 39mAh. The device places a nominal RAM 
and TIMEKEEPER load ofless than 445nA at room 
temperature. At this rate, the Capacity Consump- 
tion life is 39E-3/445E-9=87640 hours or about 10 
Years.The Capacity Consumption life can be ex- 
tended by applying Vcc or turning off the oscillator. 
For example, if the oscillator runs 100% of the time 
but Vcc is applied 60% of the time, the Capacity 
Consumption life is 10/(1-.6) = 25 years. 


Estimated Back-up System Life 


Since either Storage or Capacity Consumption can 
end the Battery’s life, System Life is marked by 
which-ever occurs first. 


CLOCK OPERATIONS 
Reading the Clock 


Updates to the TIMEKEEPER registers should be 
halted before clock data is read to prevent reading 
of data in transition. Because the BIPORT TIME- 
KEEPER cells in the RAM array are only data 
registers, and not the actual counter, updating the 
registers can be halted without disturbing the clock 
itself. 


Updating is halted when a “1" is written into the 
"Read" bit, the seventh bit in the Control Register. 
As long as a “1" remains in that position, updating 
is halted. After a Halt is issued, the registers reflect 
the count, that is the day, date, and time that were 


Figure 9. The MK48T08/18 Register Map 


current at the moment the Halt command was 
issued. 


All of the TIMEKEEPER registers are updated sim- 
ultaneously. A Halt will not interrupt an update in 
progress. Updating is within a second after the bit 
is reset to a “O". 


Seiting the Clock 


The eighth bit of the Control register is the “Write” 
bit. Setting the Write bit to a “1", like the Read bit, 
halts updates to the TIMEKEEPER registers. The 
user can then load them with the correct day, date 
and time data in 24 Hour BCD format. Resetting 
the Write bit to a "0" then transfers those values to 
the actual TIMEKEEPER counters and allows nor- 
mal operation to resume. 


Stopping and Starting the Oscillator 


The oscillator may be stopped at any time. If the 
device is going to spend a significant amount of 
time on the shelf, the oscillator can be turned off to 
minimize current drain from the battery. The “Stop” 
bit is the MSB for the Seconds Register. Setting it 
to a “1" stops the oscillator. The MK48T08/18 is 
shipped from SGS-Thomson with the "Stop" bit set 
to a “1". When reset to a "0", the MK48T08/18 
oscillator starts within 3 seconds typically. Because 
of this delay, it is recommended to start the oscilla- 
tor prior to setting the time. 


Function/Range 
BCD Format 


KEYS: S=SIGN BIT FT =FREQUENCY TEST BIT R= READ BIT 
W-=WRITE BIT ST=STOP BIT O=MUST BE WRITTEN TOO 
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Figure 10. 


NORMAL | | | | | | | | 
POSITIVE | | | | | | | | | | 
CALIBRATION 


NEGATIVE | | | | | | 
CALIBRATION 


Calibrating the Clock 


The MK48T08/18 is driven by a quartz controlled 
oscillator with a nominal frequency of 32,768 Hz. 
The crystal is mounted in the tophat along with the 
battery. A typical MK48T08/18 is accurate within 
+1 minute per month at 25°C without calibration. 
The devices are tested not to exceed 35 PPM 
(parts per million) oscillator frequency error at 
25°C, which equates to about + 1.53 minutes per 
month. Of course the oscillation rate of any crystal 
changes with temperature. Figure 11 shows the 
frequency error that can be expected at various 
temperatures. Most clock chips compensate for 
crystal frequency and temperature shift error with 
cumbersome trim capacitors. The MK48T08/18 
design, however, employs periodic counter correc- 
tion. The calibration circuit adds or subtracts 
counts from the oscillator divider circuit at the divide 
by 128 stage, as shown in Figure 10. The number 
of times pulses are blanked (subtracted, negative 
calibration) or split (added, positive calibration) de- 
pends upon the value loaded into the five bit Cali- 
bration byte found in the Control Register. Adding 
counts speeds the clock up, subtracting counts 
slows the clock down. 


The Calibration byte occupies the five lower order 
bits in the Control register. This byte can be set to 
represent any value between 0 and 31 in binary 
form. The sixth bit is a sign bit; “1" indicates positive 
calibration, "0" indicates negative calibration. Cali- 
bration occurs within a 64 minute cycle. The first 
62 minutes in the cycle may, once per minute, have 
one second either shortened by 128 or lengthened 
by 256 oscillator cycles. If a binary “1" is loaded 
into the register, only the first 2 minutes in the 64 
minute cycle will be modified; if a binary 6 is loaded, 
the first 12 will be affected, and so on. 


Therefore, each calibration step has the effect of 
adding 512 or subtracting 256 oscillator cycles for 
every 125,829,120 actual oscillator cycles, that is 
+4.068 or -2.034 PPM of adjustment per calibration 
step in the calibration register. Assuming that the 
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oscillator is in fact running at exactly 32,768 Hz, 
each of the 31 increments in the Calibration byte 
would represent +10.7 or - 5.35 seconds per month 
which corresponds to a total range of +5.5 or -2.75 
minutes per month. 


Two methods are available for ascertaining how 
much calibration a given MK48T08/18 may require. 
The first involves simply setting the clock, letting it 
run for a month and comparing it to a known 
accurate reference (like WWV broadcasts). While 
that may seem crude, it allows the designer to give 
the end user the ability to calibrate his clock as his 
environment may require, even after the final pro- 
duct is packaged in a non-user serviceable enclo- 
sure. All the designer has to do is provide a simple 
utility that accesses the Calibration byte. The utility 
could even be menu driven and made foolproof. 


The second approach is better suited to a manu- 
facturing environment, and involves the use of 
some test equipment. When the Frequency Test 
(FT) bit, the seventh-most significant bit in the Day 
Register, is set to a“1", and the oscillator is running 
at 32,768 Hz, the LSB (DQ0O) of the Seconds Reg- 
ister will toggle at 512 Hz. Any deviation from 512 
Hz indicates the degree and direction of oscillator 
frequency shift at the test temperature. For 
example, a reading of 512.01024 Hz would indicate 
a +20 PPM oscillator frequency error, requiring a 
-10(001010) to be loaded into the Calibration Byte 
for correction. Note that setting or changing the 
Calibration Byte does not affect the Frequency test 
output frequency. The device must be selected 
and addresses must stable at Address 1FF9 when 
reading the 512 Hz on DQO. 


The FT bit must be set using the same method used 
to set the clock, using the Write bit. The LSB of the 
Seconds Register is monitored by holding the 
MK48T08/18 in an extended read of the Seconds 
Register, without having the Read bit set. The FT 
bit MUST be reset to “O” for normal clock operations 
to resume. 


Figure 11. Frequency Error 
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ORDERING INFORMATION 


Example: MK48T08 B 10 


B PHDIP28 10 100ns 
15 150ns 


For a list of available options of Package and Speed refer to the Selector Guide in this Data Book or the 
current Memory Shortform that will be periodically up-dated. 


For further information or any aspect of this device, please contact our Sales Office nearest to you. 
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APPLICATION NOTE 


REPLACING EEPROM WITH ZEROPOWER 


Currently there are two approaches for implement- 
ing non-volatile memory that can be electrically 
altered within the system. The first is EEPROM 
(electrically erasable programmable read only 
memory). The second is battery backed-up RAM. 
Many misconceptions about battery backed-up 
RAMs have swayed system designers away from 
this technology into using EEPROMs with lower 
performance specifications. All is not lost however, 
the ZEROPOWER™ technology developed by 
SGS THOMSON Microelectronics provides a to- 
tally integrated approach to battery backed-up 
RAMs, which in most cases can provide direct 
replacement of EEPROMs with an added advant- 
age of upgrading system performance. 


First let’s clear the air about the misconceptions 
concerning battery backed-up RAM. The integra- 
tion of a long life lithium cell and the low standby 
current of CMOS RAMs have made possible data 
retention times that typically extend beyond ten 
years. Periodic replacement of batteries or battery 


Figure 1. Z80 Timing 


MEMORY READ CYCLE 
74 T2 T3 14 T2 


MEMORY WRITE CYCLE 


charging circuits are no longer necessary. Power 
fail detection and switching circuitry can be inte- 
grated into the same package along with RAM and 
a small button lithium cell making a complete bat- 
tery backed-up system that fits into the same 
socket as conventional RAM. This system in a DIP 
(dual in-line package) has been invented and 
trademarked as ZEROPOWER technology by 
SGS-THOMSON. Extensive reliability studies of 
the ZEROPOWER technology have been under- 
taken at SGS-THOMSON which demonstrate a 
highly reliable approach to non-volatile memory. 


Because microprocessors are designed to inter- 
face to RAMs, a ZEROPOWER RAM provides the 
ideal replacement for conventional RAM. Figure 1 
shows a typical output timing and interface of an 8 
bit microprocessor (Z80). RAM interface can be 
made by decoding MREQ and address information 
for E, connecting RD to G, and connecting WR to 
R. 


MEMORY ADDR MEMORY ADDR 


DATA BUS 
(DO-D7) 
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EEPROMs, on the other hand, require some mod- 
ification to the write cycle. This modification can be 
as simple as adding wait cycles until a write to the 
EEPROM is completed. In this case direct replace- 
ment with a ZEROPOWER RAM is possible. The 
wait cycles can be left in or eliminated to improve 
performance. 


Some early versions of EEPROMs (2816 without 
any suffix), however, require a 21 volt VPP signal. 
This type of EEPROM is programmed the same 
way conventional EPROMS are programmed. The 
only difference being that both "ones" and "zeros" 
can be programmed not just "zeros". Figure 2 
shows how complicated interface to this type of 
EEPROM can be. Replacement with a 
ZEROPOWER RAM can be accomplished by elimi- 
nating almost all of the external circuitry. In the 
example shown in Figure 2 only the inverter E is 


Figure 2. 2816 Interface 


A10 


CRT/FM 
RDY 


RD 


required for interface to a ZEROPOWER RAM. For 
interface to a ZEROPOWER RAM the output of 
inverter E should be connected to G, and WR 
should be connected directly to W on the 
ZEROPOWER RAM. 


In contrast, current technology EEPROMsS are 5 volts 
only. There are two popular types of EEPROMs 
in production today. The are referred to as latched 
and timer EEPROMs. Latched EEPROMs latch 
both data and address on the falling (beginning) 
edge of the write pulse. Although addresses and data 
are allowed to change before the completion 
of a write cycle, write enable must be held active 
for the complete write cycle. Figure 3 shows 
latched EEPROM write timing. Timer EEPROMs, 
however, latch addresses on the falling edge of the 
write pulse and data on the rising edge. Figure 4 
shows timer EEPROM write cycle timing. 
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Figure 3. Latched EEPROM Write Cycle 
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Figure 4. Timer EEPROM Write Cycle 
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Latched EEPROMs are interfaced in the system 
two ways. One, by latching the WE pulse until 
completion of the write cycle. Two by implementing 
multiple wait states to complete the write. Repla- 
cing latched EEPROM can be done by eliminating 
the WE laich, allowing the write cycle to follow the 
microprocessor. Multiple wait states will have no 
effect on the ZEROPOWER RAM, however for 
system efficiency they should be eliminated. 


Timer EEPROMs are the most popular EEPROMs 
in use today because their write cycle timing is 
compatible with microprocessors that have cycle 
times in the 200 to 500 nanosecond range. The 
initialization of a timer EEPROM write cycle can be 
completed in the normal cycle time of the micropro- 
cessor and the EEPROM completes the write cycle 
independent of the system. Some timer EEPROMs 
will even allow multiple successsive writes (in page 
mode) before completion of' the first write. 
ZEROPOWER RAMs are directly replaceable for 
timer EEPROMs in this application and have the 


advantage of even faster cycle times with no page 
mode restrictions. Timer EEPROMs, however, can 
also allow data and address changes during the 
write cycle. These data and address changes are 
not permited on conventional RAM and therefore 
in this application, data and address must be exter- 
nally latched before replacement with ZERO- 
POWER RAM can be done. The later case is not 
industry standard for memories, and many 
systems with multiplexed address/data already 
have address and data latches for this reason. 


Note : 


Many EEPROMSs require output enable to be high 
during the write cycle. With RAMs output enable is 
a "don’t case” during write. In the very unlikely 
event that output enable should be used to gate the 
write cycle, a change in the circuit needs to be 
implemented before ZEROPOWER RAM can be 
used as a replacement. 
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PROGRAMMING THE MK48Z02 


The MK48Z02 serves many varied applications. It 
provides the ease of access for both reads and 
writes that conventional RAMs offer, as well as 
nonvolatile memory that is associated with read 
only memories. Because of this nonvolatile charac- 
teristic, the MK48Z02 is often utilized as a medium 
for storage of alterable program code (firmware) as 
well as parametric data. 


This type of data is usually generated on a software 
development system and then loaded into memory 
prior to installation of the device into the final prod- 
uct. Most software development systems provide 
the means of downloading code either directly into 
an EPROM device or provide a port for transferring 
this code to an external PROM programmer. The 
MK482Z02 will of course not work in an EPROM 
programming circuit because of the high voltages 
requires for EPROM write cycles. 


Figure 1 shows an inexpensive circuit, however, 
that can be used for transferring code from an 
EPROM (master) to an MK48Z02 (copy). (If data 
already exists in an MK48Z02 it also can be used 
as the master, because read cycles of the 
MK48Z02 and EPROM devices are similar). This 
circuit uses an oscillator and counter to step 
through all address locations in a binary sequence. 
The first phase of the clock (positive cycle) gener- 
ates the write pulse. The second phase of the clock 
(negative edge) is used to clock the counter circuit 
to the next address. Once all addresses have been 
accessed, the next cycle will set a latch that resets 
the circuit and lights a finished light. Pushing the 
start button resets the latch and starts the se- 
quence from the beginning. A switch going to Vcc 
on the master and copy sockets Is provided so that 
Vcc can be removed when inserting or removing 
devices to insure maximum data security. Remov- 
ing Vcc from the MK48Z02 will deselect the device 
making all other inputs don’t care, therefore inter- 
mittent contact to the socket when inserting or 
removing devices will not generate spurious write 
cycles. 


Verification of data should not be a significant issue 
because the MK48Z02 does not suffer from pro- 
gramming yield problems like EPROM devices do. 


AN207/0291 


However, if a device is suspected of having faulty 
code, verification can be accomplished on the 
EPROM programmer IN THE VERIFICATION 
MODE ONLY (caution : check with the manufac- 
turer of the programmer to make sure no high 
voltages are applied to the device in the verify only 
mode). 


There is no limit to the number of times the 
MK48Z02 can be programmed, and the MK48Z02 
does not need to be erased before it can be pro- 
grammed. 


MK48Z02 Inexpensive Programmer 


= Power Supply 
- 12V, 500mA 
- sleeve negative, tip positive input. 


= Fuse : 1A, 250V. 

= LED Busy indicator. 

= Copy time under 5 seconds. 

= Test sockets for easy insertion and extraction. 


Operation 


1. Plug the AC or DC adapter into the coaxial power 
input, making sure that the polarity is correct, 
and plug in the power supply. 


2. Make sure that the power switch is in the OFF 
position before inserting the chips. 

3. Raise the levers on the test sockets, and insert 
both chips with the indicator dots on the same 
side as the levers. 

Securely clamp the levers down ail the way. 


4. Switch the power ON. 


5. Depress and release the start button. The busy 
light will stay lit for about 4 seconds as the chip 
is being copied. 


6. When the light has turned off, switch the power 
off before releasing the levers on the test sock- 
ets and removing the chips. 


7. Store the chips in anti-static foam. 
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Troubleshooting correct. (sleeve negative, tip positive). 

If the MK48Z02 Programmer is not functioning Follow the operating instructions through step by 
properly, take the following steps : step. 

Check the fuse and replace if blown. Remove the bottom of device and make sure all 


chips are securely in their sockets. 
Make sure the polarity on the power supply is 


Figure 1. Inexpensive MK48Z02 Programmer 
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APPLICATION NOTE 


POWER FAIL INTERRUPT OF THE MK48Z09/19 


A frequent dilemma faced by system designers is 
how to handle a power failure. Because power fail 
sensing components add real estate and cost to 
the system, some designers choose not to imple- 
ment a power fail routine, allowing "the chips to fall 
where they may". This approach is frequently ra- 
tionalized given the in-frequency of power failures 
and the industry drive to minimize circuit board 
space. It does not however represent an ideal 
solution. Other designers have gone to great ex- 
pense to design a power fail sensing circuit only to 
find it difficult to control voltage trip points and 
experience timing requirements that are hard to 
predict. 


The MK48Z09/19 provides a solution to the power 
fail dilemma. While occupying no more board area 
than conventional memories of the same density, 
the MK48Z09/19 also offers a power fail interrupt 
output pin along with nonvolatile memory. Because 
the voltage trip point of the interrupt signal on the 
MK48Z09/19 is temperature compensated, the 
user can be assured that its operation remains 


Figure 1. Suggested MK48Z09/19 Hook Up 
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within specifications over the entire temperature 
range. The MK48Z09/19 also provides predictable 
timing. The amount of time between an interrupt 
low and a power fail write protect condition is a 
function of an internal oscillator within the 
MK48Z09/19 and therefore is independent of what 
may be happening at the system level. The only 
restriction imposed on the user is that a minimum 
Vcc fall time not be exceeded. The minimum Vcc 
fall time is, however, easily within the normal Vcc 
fall time characteristics of most applications. 


The power fail interrupt pin of the MK48Z09/19 is 
open drain and can be easily implemented by 
connecting the interrupt signal to a non maskable 
interrupt input on the microprocessor used, thus 
initializing a short power fail routine. Because the 
MK482Z09/19 is battery backed up, the power fail 
routine can store important data and parameters. 
Sign off to data communication links and notifica- 
tion of a local power failure to supervisory systems 
are also applications made possible to the local 
controller through the use of the power fail interrupt. 
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POWER FAIL CONDITIONS 


The MK48Z09/19 continuously monitors Vcc. 
When Vcc falls to the power fail detect trip point of 
the MK48Z09/19 an interrupt is immediately gen- 
erated. An internal clock provides a delay no less 
than 10us but no greater than 40us before auto- 
matically deselecting the MK48Z09/19. 


With Vcc allowed to fall at its maximum rate from 
4.75V to 4.5V in 300us (833V/sec), a delta voltage 
between when a power fail is detected and the 
device is deselected will be established. Because 
the maximum Vcc fall rate and maximum delay 
between power fail detect and deselection are 
given values, this delta voltage can be easily cal- 
culated 40us * 833/V = 48mV). Therefore final 
testing of the MK48Z09/19 at SGS-THOMSON can 
assure the user that the device will be deselected 
no lower than the specified Power-Fail Deselect 
(VPFD min) level, provided that the maximum Vcc 
fall rate is not exceeded. 


With Vcc fall times that stretch over a long period 
of time, the voltage at which an interrupt is gener- 
ated and the voltage at which the MK48Z09/19 


Figure 2. Write Protect Application of E2 Input 


Notes ° 


automatically deselects will approach the same 
value. Once again final testing at SGS- THOMSON 
can assure the user that a power fail detect or 
deselection will occur no higher than the specified 
Power-Fail Deselect (VPFD max) level. 


POWER UP CONDITIONS 


The MK48Z09/19, like most NVRAMs, provides 
automatic write protection under low voltage con- 
ditions. Unfortunately, many processors generate 
spurious cycles during power up, despite Vcc being 
within spec. Some processors even continue to 
behave erratically though their reset pin is being 
held low, until the system clock has had time to 
wake up and produce sufficient cycles to clear the 
processor. The MK48Z09/19 makes it easy to com- 
bat this problem by providing an active high E2 
input (chip select). This input when tied to the reset 
line will lock out the MK48Z09/19 during the power 
on reset time, protecting the data in memory from 
being inadvertently over written with erroneous 
data. Figure 2 illustrates a simple power up reset 
scheme. 
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1 Although trip points are tested by holding Vcc to given DC levels, the device is by no means in a static state Address, data lines, and control 


lines are all toggling. A series of complex patterns are input to the device to ensure that worst case noise conditions generated within the 
MK48Z09/19 will not affect trip point performance. 


. With even the slowest MK482Z09/19, the 250ns device, and the minimum 10u1s advanced warning of a deselect condition, there is enough 


time for 40 memory cycles to take place. The amount of MPU cycles that can take place will of course vary according to the processor used 
and programming techniques. 


. The MK48Z09/19 can provide an inherent safe guard against a "Brown Out" condition i.e. Vcc that droops or slowly fades below spec. or 


operational limits and then comes back up Applications requiring the interrupt pin to remain low until a completion of a sequence of events 
(within 101s), can relay on the MK48Z09/19 not to interrupt the sequence should power unexpectedly return. Once a power failure Is 
detected and the interrupt pin goes low, the interrupt pin will remain low for the full 10us to 40us period and the device will be accessible 
during this time. Therefore the power fail interrupt application can not be aborted mid cycle. After the interrupt time period the interrupt pin 
will go high, should Vcc rise in the interim, allowing normal operation to resume. The MK48Z09/19, however, waits for a minimum of 30us 
to a maximum of 120s from the time interrupt goes high until another power fail can be selected. (Should Vcc remain at a level very close 
to the trip point for an extended period of time, a number of power failures could be detected due to noise on the Vcc line. Interrupt will 
always follow the above timing however). 
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APPLICATION NOTE 


TIMEKEEPER CALIBRATION OF THE MK48T02 


The term "quartz accurate" has become a familiar 
phrase used to describe the accuracy of many time 
keeping functions. Although quartz oscillators pro- 
vide an accuracy far superior to other conventional 
oscillator designs they are, however, not perfect. 
Quartz crystals are sensitive to temperature varia- 
tions. Figure 1 shows the relationship between 
temperature and accuracy of the 32.768khz crystal 
oscillator used on the MK48T02 TIMEKEEPER™. 
Variations in resonant frequency from one crystal 
to the next also exist, although these variations 
typically do not exceed 20ppm (approx. 1 min. per 
month). 


Clocks used in applications requiring a greater 
accuracy of 1 min. per month or have an ambient 
temperature that is not centered around room tem- 
perature (25°C) will need a means of calibration. 


Typically, most crystal oscillators are calibrated by 
adjusting the load capacitance of the oscillator. This 
method, while effective, has several disadvantages. 


1. It requires external components. 


2. It requires the use of test equipment (fre- qu- 
ency counter). 


3. It can increase oscillator current (an important 
factor in battery backed-up applications). 


At SGS-THOMSON Microelectronics, we believe 
these disadvantages are unacceptable. The 
MK48T02 calibrates its clock by adding or subtract- 
ing pulses from the clock chain in a predictable 
manner (periodic counter correction). This method 
can be employed under software control eliminat- 
ing the disadvantages of the previously stated 
method and making it end user friendly. 


Figure 1. Typical MK48T02 Oscillator Frequency vs. Temp. 
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TWO METHODS FOR CALCULATING CALI- 
BRATION 


There are two methods for establishing how much 
calibration will be required in a given application. 
The first method can be easily implemented in the 
user environment allowing the average ambient 
temperature be taken into consideration. The other 
method provides a fast means of calibration at the 
OEM site. 


Empirical In System Method 

This method involves setting the clock to a known 
standard and then comparing at a fixed time later. 
The longer the time period the greater the accu- 
racy. When setting the clock, all counters in the 
32.768khz to 1 second divider chain start from zero 
as soon as the write bit is released. Therefore, it is 
possible to set the clock to the standard within the 
response time of the system. 

How to calculate the amount of calibration 
necessary. 


N = number of seconds in the time period 

T = number of seconds elapsed on the MK48T02 
X = error in parts per million 

X = (T-N)/N ° 1E6 


Notes : 


1. Setting the sign bit does not indicate a ones complement 
number. Setting the sign bit speeds up the clock. 


2. Each bit in the calibration bits represents a change of 2.034 parts 


per million. 


3. Depending upon when the MK48T02 is read with respect to an 
update a one second error can occur. Make sure the time 
period for calculations is long enough so that this error beco- 
mes negligible. 


Frequency Test Method 


This method is best suited for use at incoming 
inspection on a sophisticated tester or on a bench 
set up. It is not practical for in system use unless a 
means for latching address and control lines can 
be implemented because the device must be held 
in a read state for and indefinite period of time. 


Procedure for frequency test method. 
1. set write bit. 

2. set FT bit (DQ6 for day register). 

3. reset write bit. 
4 


. set address to seconds register and control lines 
for a device read. 


5. measure 512hz frequency at DQO. 

6. set write bit. 

7. reset FT bit. 

8. set correct time and calculated calibration. 
9. reset write bit. 


Notes: 


1. Instruments for measuring frequency should be accurate to 
1 ppm for reasonable results. 


2. Error in ppm = (frequency measured-512)/512 ~ 1E6. 


3. Failure to reset the FT bit will result in gross timekeeping errors. 


TIMEKEEPER CONTROL REGISTER 


The control register of the MK48T02 serves three 
separate functions, all within the same byte of data. 
It allows the user to write time (write bit), read time 
(read bit) and calibrate the clock. When writing or 
reading the clock care should be taken not to 
disturb the calibration data. 


When setting the write bit, data contained in the 
calibration bits will be entered into the calibration 
circuitry. Care should be taken to ensure this cali- 
bration data to be valid. 


When setting the read bit, data contained in the 
calibration bits will be entered into memory only. 
This may seem harmless, however, it should be 
noted that the calibration data is not refreshed with 
a clock update. Therefore any record of valid cali- 
bration data will be lost if valid calibration data is 
not included with the read bit. This is important 
because valid calibration data is needed when 
setting the write bit. 
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Procedure For Setting And Resetting The Read And Write Bits 


Set Write bit. 

1. Read contents of Control Register. 

2. Logical OR contents with the number 128. 
3. Load results into Control Register. 


Reset Write Bit. 

1. Read contents of Control Register. 

2. Logical AND contents with the number 127. 
3. Load results into Control Register. 


Set Read Bit. 

1. Read contents of Control! Register. 

2. Logical OR contents with the number 64. 
3. Load results into Control Register. 


Reset Read Bit. 

1. Read contents of Control! Register. 

2. Logical AND contents with the number 191. 
3. Load results into Control Register. 


Example BASIC program. 

10 REM CONTROL REGISTER LOCATION 
20 A=2040 

30 REM SET WRITE BIT 

40 POKE A, PEEK (A) OR 128 
50 REM RESET WRITE BIT 

60 POKE A, PEEK (A) AND 127 
70 REM SET READ BIT 

80 POKE A, PEEK (A) OR 64 
90 REM RESET READ BIT 

100 POKE A, PEEK (A) AND 191 
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OOXXXXXX 
10000000 
1OXXXXXX 


10XXXXXX 
01111111 
OOXXXXXX 


OOXXXXXX 
01000000 
O1XXXXXX 


O1XXXXXX 
10111111 
OOXXXXXX 


3/3 


1063 


ka, SGS-THOMSON 
YM. CROELECTRONICS 


APPLICATION NOTE 
MEMORY MAPPED 


TIMEKEEPER REGISTERS OF THE MK48T02 


Although software is usually thought of as 
being flexible, there can be applications where 
the memory management of the system de- 
fines how the memory will be utilized. Because 
the TIMEKEEPER™ registers of the MK48T02 
reside within a predetermined position within 
the memory map, this may present a problem 
in these applications. Fortunately there are 
easy solutions to this problem. 


There are several options possible for moving the 
location of the TIMEKEEPER registers within mem- 
ory. The first option involves inverting one, all, or 
any combination of the eight most significant ad- 
dress lines of the MK48T0O2. Figure 1 shows an 
example of how inverting address A10 will move 
the apparent position of the TIMEKEEPER from the 
top of the device memory to the middle of device 
memory (from 7F8-7FF to 3F8-3FF). 


Another option is to use higher order address lines 
(above A10) to decode the chip enable input of the 
MK48T02, therefore moving the apparent location 
of the entire MK48T02 within memory. Figure 2. 


Figure 1. 
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shows an example of how this can be done. With 
this technique the TIMEKEEPER registers will re- 
main in consecutive locations. Combinting options 
can place the TIMEKEEPER registers in any block 
of eight bytes of memory. 


Finally, a third option would be to bank select the 
MK481T02. This method would allow the TIME- 
KEEPER to become transparent to memory di- 
rectly accessible from the processor. Implementing 
a bank select requires generating a pseudo ad- 
dress line or lines that can be decoded with other 
address information to select the appropriate mem- 
ory. The most convenient method for creating this 
pseudo address is to use an output port for this 
purpose. Microcontrollers have these ports on 
board while Microprocessors require a PIA chip to 
accomplish I/O functions. Figure 3 shows a typical 
Microprocessor to PIA combination that utilizes an 
I/O port to bank select memory. The I/O port can 
be programmed high or low by loading a register 
within the PIA. The PlAchip is selected by decoding 
IOREQ (I/O request). IOREQ also disables main 
memory and the MK48TO2. 
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Figure 2. 
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APPLICATION NOTE 


THE MK45H03 BiPORT FIFO 16-BIT TO 8-BIT CONVERSION 


INTRODUCTION 


When SGS-THOMSON Microelectronics intro- 
duced the MK4501 in 1983, it was the first high 
density FIFO with a BIPORT™ memory cell archi- 
tecture. The MK4501 quickly became the industry 
standard with an organization of 512 x 9 bits, and 
included both an Empty and Full status flag. SGS- 
THOMSON has extended this technology to dev- 
elop a device with four times the density - the 
MK45HO03. The MK45HO03 has a 2K x 9-bit organi- 
zation, and includes the addition of a Half Full (HF) 
status flag, as well as the Empty and Full status 
flags. Its BIPORT™ RAM cell design allows simul- 
taneous and asynchronous Write/Reads, and 
avoids the added ripple-through delay times of 
conventional shift register based FIFOs. As with the 
MK4501, word with and depth expansion is easily 
achieved by using the XI and XO pins. The 
MK45HO03 is pin-for-pin compatible with the 
MK4501 and MK45H01, and thus can be used as 
a density upgrade in many applications. 


Figure 1. Block Diagram 


DATA IN x 16 
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CIRCUIT DESCRIPTION 


As shown in Figure 1, the block diagram for this 
application concept shows an example of how to 
interface a 16-bit Microprocessor to an 8-bit periph- 
eral. Due to the MK45H03’s architecture, which 
provides easy width expansion, we can interface 
two MK45H03 FIFOs to a 16-bit Microprocessor for 
collecting and holding our data dumps. By using a 
small amount of additional logic, we can retrieve 
this data in consecutive 8-bit bytes. (The diagram 
in Figure 2 shows the basic idea in an equivalent 
circuit). Using the two MK45H03 FIFOs, we start 
with a 2K x 16 memory buffer as our input, and 
convert it to a 4K x 8 memory buffer output. The 
status flags will Keep us updated to let_us know 
when we are Full (FF = low), or Empty (EF = low). 
The Half-Full status flag (HF = low) will help to avoid 
those sudden unpredicted halts, for example, 
should there not be adequate block memory space 
available. We will also take advantage of the asyn- 
chronous and simultaneous Write/Read capability 
of the MK45H03’s BiIPORT™ design. 


VRO01281 
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CIRCUIT OPERATION 


The schematic diagram in Figure 3, shows that we 
will be writing 16-bit words designated as UPPER 
and LOWER 8-bit bytes, and then reading first the 
UPPER 8-bit byte, and then the LOWER 8-bit byte. 
As with all FIFO applications, we must start with 
Reset (RS) to initialize the circuit. Remembering 
that upon reset our EF output goes active low, all 
Read cycles are ignored until the first Write cycle 
has been completed. Once a succesful Write has 
been performed, the EF output will go inactive high. 
The ideal operation would allow the Write count to 
remain at least one cycle ahead of the Read, thus 
avoiding EF from being asserted active. Refer- 
ring again to Figure 3, the A/B select to the data 
multiplexers via Q of the D-type flip-flop, alternates 
at the end (rising edge) of each Read to get ready 
for the next Read cycle. This avoids additional gate 
delay time, as well as providing a READ strobe 
during the full R pulse width. Therefore, after Write, 
and upon the first Read, we access the UPPER 
byte (Qa 0-7), and alternate thereafter between the 
LOWER (Qs 0-7) and UPPER byte with each con- 
secutive Read. The flag status needs only to be 
taken from the LOWER byte FIFO since it will be 
Read last, and both are written simultaneously. Of 
course an (Empty - 1) function could be im- 
plemented on the 8-bit side by using the Empty 
Flag output from the UPPER FIFO. 


Figure 2. Equivalent Circuit 


In this application we have included data bus con- 
trol with a fast external Output Enable (G) on the 
multiplexer. The waveform timing diagram is refer- 
enced in Figure 4. Since there will be a specific 
Q-valid access time from the enabled FIFO to the 
data inputs of the multiplexer, the G input can be 
tied to the R system input without any penalty. The 
timing diagram in Figure 5 displays the typical 
access times to be considered. For example, tai is 
the combined access time of the OR gate plus 
Read access (ta) of the MK45HO03. Further defini- 
tions are : tag = MUX Q-Valid access time, ta3 = 
MUX Q-Valid access time from R asserted low, 
teLav is MUX G (Output Enable) access to Q- 
Valid, ton1 = Q-Hold time of the FIFO, ton2 = Q-Hold 
time of the MUX, and taHazis output Enable to High 
Z. It should be noted that ta3 is equal to (tai + tag), 
where the limiting factor is ta1 not taLav, when G = 
R (see Figure 5). 


CONCLUSION 


This implementation presumes that Read strobes 
will be halted when the lower MK45HO3 indicates 
itself empty. In this example, should the lower FIFO 
become empty, additional Read strobes will con- 
tinue to toggle the select D-type flip-flop even 
though the FIFOs will not respond. Should Read- 
while-Empty compatibility be required, then addi- 
tional logic will be needed to disable the select 
flip-flop when the lower FIFO is empty. 


2K x 16 TO 
4K x 8 FIFO 
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Figure 3. Asynchronous 16-Bit to Asynchronous 8-Bit Schematic 
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Figure 4. Timing Diagram 
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Figure 5. Access Times 
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THE MK4505 CLOCKED FIFO INTRODUCTORY CONCEPTS 


DEVICE DESCRIPTION Figure 1. Pin Connections 


The MK4505 from SGS-THOMSON Microelectroni- 
cs was the industry’s first asynchronous clocked 
First-In-First-Out (FIFO) memory. This very fast 
clocked FIFO supports two independent, asyn-chron- 
ous, free running clock inputs, and has an organi- 
zation of 1k x 5-bits with FULL, EMPTY, HALF 
FULL, ALMOST FULL, ALMOST EMPTY, DATA 
READY, and OUTPUT VALID status flags. As 
shown in the pin-out diagram in Figure 1, the 
MK4505 has two configurations : the MK4505M 
(Master) which features the full compliment of sta- 
tus flags, and the MK4505S (Slave). Either device, 
however, may be used in a stand-alone mode of 
operation. The Master features an automatic write 
protect when FULL, and an automatic read protect 
when EMPTY. 


MK4505M 


Oo ON DO FF WH - 


1e) 


PIN NAMES 


Read Enable Input 1 


Reset (active low) 


VA00612 


Half Full Flag 
Voc , GND 5Volts, Ground 


(4505M only) 


Full and Empty Flag (active low) 
Almost Full, Almost Empty Flag 
Input Ready, Output Valid 


] 
MK4505S 


{ 

2 
3 
4 
5 
6 
/ 
8 
9 


© 


VA006135 


Write Enable Input 2 


Read Enable Input 2 
(rising edge triggered 3 state 
control) 
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DEVICE DESCRIPTION (Continued) 


In contrast, the Slave offers no protect circuitry, but 
can read and write continuously. Other MK4505 
features are separate read and write enable inputs 
with the ability to enable or disable read/write opera- 
tions upon command in the presence of a continuous 
periodic clock train. The MK4505 is available with a 
cycle rate of 40MHz, offering a 15ns access time. 


MK4505M/S CIRCUIT OPERATION 


The MK4505 appears to the outside world as a 
clocked D-type flip-flop with separate enable in- 
puts. For example, each time a D-type flip-flop 
receives a clock, the Q output responds with the D 
input after a certain propagation time, provided 
data and enable set-up times are met prior to the 
rising edge of the clock. The MK4505 responds in 
somewhat the same manner, but offers a First-In- 
First-Out, 1024 x 5-bit sized buffer. 


Referring to the block diagram schematic in Fig- 
ure 2, the input stage looks like a rising edge 
triggered (CKw) D-type flop with a separate enable 
comprised of a two input AND gate. Obviously, if 
either input is LOW, then the write operation is 
disabled. The output stage is similar, clocked by 
CKr with a two input AND gate providing the read 
enable. If either input is LOW, the read operation is 
disabled. This provides the automatic read and 
write protection logic for the Master. The MK4505 
FIFO uses the BIPORT™ RAM architecture, and 
appears as a dual port SRAM between the two I/O 
stages (see Figure 3). Internal write and read ad- 
dress pointers or counters automatically provide 
the RAM with the correct addresses. Figure 4 
displays the combined logic symbol derived from 
the diagrams shown in Figures 2 and 3. 


The MK4505 moves data only with each clock 
edge, as well as updating all status flags with the 
same clock edges. Each write function latches the 
input data with the rising edge of the write clock 
CKw. The latched data is then transferred to a dual 
port RAM array. The predetermined first-in-first-out 
read sequence allows the read address counter to 
reach the stored data and present it to the input of 
the output latches before it is actually read. The 
output latches are then clocked on the rising edge 
of CKr, and valid data is available ta after the rising 
edge of the clock. Should a clock be turned off, as 
being locked LOW or HIGH, then the previous cycle 
is latched regardless of any input changes. This is 
true for the clocked D-type flip-flop, and the 
MK4505. Since the MK4505 supports asynchro- 
nous read/write clock functions, then either the 
read or write clock can discontinue without affecting 
the other port’s activities. 


Even though the MK4505 is designed for systems 
potentially operating from two asynchronous free 
running square wave clocks with cycle rates up to 
40MHz, the device can be operated at much slower 
clock rates. A perfect square wave clock is not 
essential for proper device functionality. Parame- 
ters that must be satisfied are the specified mini- 
mum clock high and low times per the data sheet, 
and the set-up and hold times for enable inputs to 
the rising edge of the operational clocks. Clock duty 
cycle is not critical as shown in the example of 
Figure 5. Remember that the FIFO triggers from the 
rising edge of the clock, and clock transitions meet- 
ing Vit and Vin specifications must be obtained. 


The MK4505M (Master) cannot be written while 
FULL, nor read while EMPTY. A FULL condition 
results only from writing all 1024 bit locations, but 
an EMPTY condition results from either a RESET 
or by reading all bit locations previously written. 
Referring to the MK4505 data sheet, First Read 
Latency (tFR_) describes the delay from the first 
write clock after empty, to the first valid rising edge 
of CKr that is guaranteed to produce the first write 
data at the Q outputs. This is the time required from 
Data In to be latched, presented to the BIPORT 
RAM array, and flow through to the output latches 
where it will be clocked to the outside world. 


CONCLUSION 


The MK4505M/S from SGS-THOMSON was the 
industry’s first high performance clocked FIFO. The 
MK4505 supports two independent, asynchro- 
nous, free running clock inputs. It has a 1k x 5-bit 
architecture, and offers a 15ns access time with a 
40 MHz clock rate. The device features both read 
and write enable controls in the presence of con- 
tinuous read and write periodic clock trains. 


The MK4505 is available in two versions as a 
Master or Slave. This provides for easy width and 
depth expansion FIFO array configurations. The 
MK4505M Master provides a full compliment of 
status flags, as well as providing all necessary 
controls for width and depth expansion. A 
MK4505M is required for each 1k of depth, and a 
MK4505 Slave for each additional 5 bits of width. 
Either device may be used separately with certain 
system applications. The MK4505M cannot be writ- 
ten while FULL, or read when EMPTY ; whereas, 
the MK4505S can be forced to read and write 
continuously regardless of device status. Both de- 
vices use SGS-THOMSON BiPORT RAM based 
memory cell allowing simultaneous read/write op- 
erations, and offer full TTL compatibility. 
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Figure 2. Block Diagram Schematic 
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Figure 3. Representative Block Diagram 
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Figure 4a. MK4505M Logic Symbols 
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WRITE ENABLE 
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Figure 5. Possible Valid Clock Examples 
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Figure 4b. MK4505S Logic Symbols 
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APPLICATION NOTE 


USING THE MK4505 CLOCKED FIFO AS A DIGITAL DELAY 


INTRODUCTION 


The MK4505 was the first FIFO to support two 
independent, asynchronous, free running clock in- 
puts. The MK4505 clocked interface makes high 
performance designs much simpler, eliminating the 
need for external registers, buffers, or pulse shap- 
ing circuits. The MK4505 is available in two config- 
urations : the MK4505M (Master) and the 
MK4505S (Slave). This allows very simple width 
and depth expansion using one MK4505M for each 
1024 bits of depth, and one MK4505M with one 
MK4505S for each additional 5-bits of width. Be- 
cause it is BIRPORT™ RAM based, it is not subject 
to the ripple-through delay times of conventional 
shift register type FIFOs. The MK4505 is suitable 
for applications with cycle rates up to 40MHz. 


CIRCUIT DESCRIPTION 


In the block diagram shown in Figure 1, we have 
displayed a 1k by 10 configuration that would be 
typical of a high performance digital video delay 
application. Of course narrower or wider bit fields 
can be accomplished just as easily. The MK4505M 
provides all additional enables to the MK4505S, 
with WE1 going to both devices, into the counter 
circuit, and thus generating the Read Port Enable 
(RE1) once the desired count is reached. 


CIRCUIT OPERATION 


For the following application, we have shown an 
example for digital data delay in a system using one 
free running clock (@ clock) for CKW and CKR, and 
one Write/Read (WE1) control clock, with a pro- 
grammable counter for determining the desired 
delay from 2 to 1022 cycles. In this particular 
example, we have shown the maximum delay al- 
lowed to avoid the FF (Full Flag) from being as- 
serted low (see Figure 2). The output of the counter 
circuit serves a two-fold purpose. First it provides 
the enable logic to the ENT pin for the first stage of 
the counter. Presetting the counter to 402HEX, 
assures that QC of the counter’s third stage is set 
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high, which sets the ENT enable of the first stage 
at the beginning of the count sequence. Secondly, 
the counter circuit provids an active high RE1 to the 
FIFOs enabling the delayed READ for output data 
once the count of 1022 (Full -2) has been reached. 


After power-up and Reset (RS), preset the counter 
circuit by presenting 402 HEX (010000000010) 
through the ABCD inputs while strobing LOAD 
active low. The 74161 4-bit counter to the far left is 
the first stage. The system clock (Oclock) goes to 
each of the clock inputs of the counter circuit, WE1 
is ENP enable, and RCO goes to each successive 
device ENT enable ; with the exception of the first 
stage which is enabled via the QC output of the final 
stage (loaded high during preset). Once the 
counter circuit has reached the count of 800 HEX, 
which is the delay count of 1022 as (Full -2) for the 
MK4505, the QD output of the third stage is set 
which enables the delayed Read Port (RE1 = high) 
to the MK4505 1K x 10 configuration. At the same 
time that QD is set, the QC output of the third stage 
is cleared, inhibiting count of the counter circuit. 
Since the Read Port Enable (RE1) is latched 
active high, continuous Write/Reads are allowed on 
each successive rising edge of clock (see Figures 
3 and 4). The circuit will maintain a constant 1022 
cycle delay until the next asynchronous Reset oc- 
curs. 


PROGRAMMING DELAY INTERVAL 


In conclusion, we have calculated a digital data 
delay of 1022 cycles. This is accomplished by 
realizing that setting QD of the third stage allows 
our maximum count to be 800 HEX (2048). Preset 
is determined by subtracting the desired delay nnn 
HEX from 800. Thus for this example it is (800 - 
3FE HEX), which is 402. The decimal equivalent 
can also be used where ddd is the desired delay 
as (2048 - ddd) = DDDD. Preset is DDDD. Convert 
DDDD to nnn HEX. The final step is converting nnn 
HEX to its BINARY equivalent for the ABCD inputs 
during preset. 
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Figure 1. Block Diagram - Data Delay 1K x 10-bits 
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Figure 2. Write/Read Timing - Latest Possible First Read to Prevent Full Flag Assertion 
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Note : First read occurs (full -2) to avoid full flag (FF) assertion. 
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Figure 3. Counter Delay Schematic 


) PRESET 
ABCD 


ABC 


ABCD 
LOAD 


LOAD 
STAGE 2 


@ CLOCK VRQ01295 


Figure 4. Delay Timing Diagram 
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Note : Timing diagram presumes preset of 40216 (1026) after reset, and full count of 1022 to latch re1 high when reaching 80016 (2048). 


7 SGS-THOMSON 3/3 
S/ A MICROELECTRONICS 
1077 


ky7 26> THOMSON 


APPLICATION NOTE 


THE MK4505 LATCHED FLAG DESIGN CONSIDERATIONS 


INTRODUCTION 


The MK4505M/S (Master/Slave) is a high speed 
clocked FIFO from SGS-THOMSON Microelectro- 
nics. The MK4505 offers high performance, high 
density First-In-First-Out operation, and supports 
two asynchronous periodic clock inputs for 
write/read operations. Using the master/slave con- 
cept, the MK4505’s 1K x 5 architecture is easily 
width and/or depth expandable, with all control and 
flag signals provided by the MK4505 Master. This 
type of organization allows ease of use to the 
system designer, avoids word skew in width expan- 
sion, and provides write protection when Full, and 
read protection when Empty. In addition to Full and 
Empty detection, the MK4505 provides three addi- 
tional status flags for early warning as : AE (Almost 
Empty), AF (Almost Full), and HF (Half Full). The 
MK4505 also provides separate write and read 
enable inputs which allows the write/read oper- 
ations to be enabled or disabled upon command in 
the presence of a continuous periodic clock. 


The purpose of this application brief to discuss the 
latch function of the MK4505’s EF (Empty Flag) and 
FF (Full Flag), proper operation, and design con- 
siderations. The latched flag function can cause 
subtle unexpected flag status operations when 
compared to previous ripple-through FIFO devices. 
This applies to both asynchronous and simulta- 
neous write/read functions. Understanding how the 
flags operate and why, will enable the system 
designer to correctly manipulate the flag logic for 
proper system operation. 


DEVICE OPERATION 


As a brief review, the MK4505 appears to the 
outside world as a clocked D-type flip-flop with 
enable inputs. (Refer to the MK4505 application 
brief Introductory Concepts). Data on the D input is 
clocked through the flip-flop, and presented to the 
Q output at some propagation time (access time), 
and remains stable (data is held valid) until the next 
rising clock edge. The MK4505 functions in much 
the same manner, allowing 1024 bits of information 
to be "clocked through" in a First-In-First-Out 
fashion. The MK4505 also provides a full compli- 
ment of status flags dependent upont the rising 
edges of the write and read clocks. Figures 1 and 2 
display the logic symbols for the MK4505 Master and 
Slave. 
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Figure 1. MK4505M Logic Symbols 
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Figure 2. MK4505S Logic Symbols 
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LATCHED FLAGS 


The MK4505 can only perform a valid write oper- 
ation at the rising edge of CKw, or a valid read 
operation at the rising edge of CKr. Updates to all 
status flags are also dependent upon either CKw 
or CKr, but not both clocks together. The EF 
(Empty Flag) status can only be updated with the 
rising edge of CKr, while the FF (Full Flag) status 
can only be updated with the rising edge of CKw. 
Therefore, using the D-type flip-flop analogy, we 
conclude that these status flags are latched on a 
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Figure 3. Latched Flag Logic Diagram 
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rising clock edge, and cannot change logic states 
until another clock edge occurs (refer to Figure 3). 
This is an important concept for design consider- 
ations when using status flag logic states to signal 
a processor or PAL, for example, to initiate or 
interrupt predefined system operations. It makes 
the system designer’s job easier because it en- 
sures proper set-up and hold times referenced to 
the rising edge. It also promises that the flag’s logic 
state will remain valid for at least one complete cycle. 


EDGE TRIGGERED STATUS 
Let’s presume that in our application we want to 


write the FIFO until Full, then disable write oper- 


Figure 4. Clock Control Block Diagram (not 
suggested) 
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ations and read until Empty. In addition, we find that 
it would take fewer logic gates to turn CKr and CKw 
on or off than gating read (RE1) and write (WE1) 
enable inputs. (Figures 4 and 5 are simplified 
block examples for enable or clock control for a 
write-to-full, read-to-empty sequence). However, 
this can set the stage for unexpected flag status if 
both clocks are not active. The MK4505 can be 
operated in this manner, and deliver correct data in 
a first-in-first-out manner, but the designer must 
remember the latched flag philosophy. Specifically, 
one can write the MK4505 until Full where FF is 
latched low, and still maintain a valid empty condi- 
tion with EF active low. This can happen by turning 
CKwon and CKe off, as CKr updates the EF status. 
On the other hand, let’s presume that we allow both 
clocks to run until full, and then disable the write 
clock (CKw). We will find the same type of dilemma 
with FF remaining active low while clocking CKr 
until the FIFO is empty. This would result again in 
both flags being set active low. Therefore, to ensure 
proper flag operation the system designer should 
use the write and read enable inputs when gating 
write/read operations. 


Previous ripple-through FIFOs, such as the 
MK4501 and MK4503, allow FF and EF status 
updates as soon as an operation to clear or set the 
flag is accomplished. The MK4505, however, must 
determine the operation that clears or sets the flag, 
and then receive a rising edge clock (CKw or CKr) 
to update the flag’s status. This is necessary fora 
clocked system environment, and again ensures 
set-up and hold times into the next cycle. Referring 
to the MK4505 data sheet, one will notice that DR 
(Data Ready) follows FF directly, and QV (Output 


Figure 5. Enable Control Block Diagram 
(suggested) 
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Valid) follows EF by one cycle. All to say that these 
flags are latched with EF and FF as well. Their 
design function constitutes the handshake control 
for depth expansion. 


TRUE FLAG OPERATION 


As with other FIFOs, the MK4505 requires a reset 
pulse to initialize all internal counters before normal 
operation begins. Since the EF is latched active low 
after reset, two read clocks are needed to gate valid 
data out of the FIFO. The first rising edge of CKr 
to occur trrL (First Flag Latency) after the first write 
will clear the Empty Flag (EF = high) within tr1a. 
Read clocks less than trri after the first write may 
clear the EF, but are not guaranteed. The second 
rising edge of CKr to ocur tert (First Read Latency) 
after the first write will gate valid data onto the 
outputs provided RE} is active high. This is the 
expected "fall through" delay time, and is calculated 
as :ts+trAL+ta. This is true for asynchronous 
or simultaneous write/read operations. It should be 
noted that the RE: input should be held inactive 
until t--L has been satisfied, thereby observing the 
tFRL parameter. This will ensure true EF operation ; 
see Figure 6. (Although WE; is clocked in this 
example, it is not mandatory for proper device 
operation noted by RE}). 


If the MK4505 is written to full where FF is latched 
low, two write clocks are required before more data 
is written into the FIFO. The rising edge of CKw on 
the last available byte of data latches the FF low 
within t-14. Once FF is latched low, the first rising 
edge of CKw to occur after the first valid read will 
clear the FF status (FF = high). The second rising 
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! t 
iWRITE iWRITE iWRITE 


Bytes 
Written 


edge of CKw will write data into the FIFO provided 
WE; is active high. These latched flag functions are 
a benefit of the MK4505’s clocked design, and 
pipeline architecture. They provide write protection 
when full, and read protection when empty. 


FALSE FLAG AMBIGUITY 


There are certain situations and conditions that can 
result in improper device operation and probable 
unexpected status flag results. These conditions 
can occur with the EF or FF during asynchronous 
or simultaneous write/read operations. The worse 
case scenario being simultaneous write/read oper- 
ations when near or at Empty or Full. Remembering 
that this is an edge triggered device that latches 
logic states by using a pipeline architecture, the 
internal arbiter will give priority to the read operation 
when a simultaneous write/read cycle occurs on 
the last byte of data. This results in the EF being 
latched low even though a valid write occurred at 
the same time. This is the design definition for the 
EF flag in a pipeline architecture being updated on 
the rising edge of CKr. The actual last byte of data 
must be read without a simultaneous write, as this 
can "trap" one byte of data in the FIFO until a 
subsequent valid write is detected, the trrL par- 
ameter is again satisfied to CKr, and EF is cleared 
(EF = high). 


This can be best explained by the diagram in 
Figure 7. lf all operations were truly simultaneous, 
the false EF would not occur. In an actual system, 
however, the rising edges of CKw and CKr can 
become slightly skewed by a few nanoseconds in 
a simultaneous write/read operation. In the False 
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Figure 7. False Empty Flag 
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Flag Diagram, the rising edge of CKr is presumed 
to occur slightly after CKw at t1, and slightly before 
CKw at t3. The EF update circuitry is annulled at t2 
because EF is high, and waits to determine a valid 
write while EF is low. This example results in 
improper device operation as treL_and tert are not 
satisfied, and an unexpected EF status is dis- 
played. Therefore, if RE1 is kept disabled ts prior to 
t3 as in the True Flag diagram, or if CKr occurs just 
before or exactly with CKw at t1, then tert is satis- 
fied at t2, trRL is observed at t3, and the unexpected 


Figure 8. False Full Flag 
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empty condition will not occur. The EF flag will 
function as anticipated without "trapping" data by 
allowing the writes to stay one ahead of the reads. 
This allows successful data transmission with 
asynchronous or simultaneous write/read cycles. 


Since EF and FF are both latched flags, the same 
type of false flag can be encountered with the FF. 
Referring to Figure 8, one can see that a simulta- 
neous write/read on the last available write results 
in FF being latched low even though a valid read 
occurred at the same time. Due to the pipeline 
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design, the arbiter gives priority to the write, thus 
latching the FF low. The FF will not be cleared until 
a subsequent rising edge of CKw occurs after the 
first valid read. The FF update circuitry is annulled 
at t2 because FF is high, and waits to determine a 
read while FF is low. This is the design definition 
for the latched Full Flag in a pipeline architecture 
being updated by CKw. 


SUMMARY 


The MK4505 clocked FIFO provides latched Empty 
and Full flags guaranteeing a stable logic state for 
at least one complete cycle. This allows ease of use 
in a clocked system environment by ensuring that 
set-up and hold times are met for a subsequent 
cycle in reference to the system clock. Since FF 
and EF provide the MK4505 with automatic write 
protection when Full, and read protection when 
Empty, the designer needs to understand their 
design definition for proper device operation. When 
compared to previous ripple- through FIFOs, the 
latched EF and FF can result in an unexpected or 
false flag status. In reference to the latched Empty 
Flag, should the EF logic present a problem of 
trapping data in a given clocked system as pre- 
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viously described, the AE signal can be used as an 
option. By using the Almost Empty condition (Al- 
most Empty by 8 bytes) for Empty, one can detect 
AE for system logic commands, perform a valid 
simultaneous write/read operation, and still read 
the last byte of data written. This will avoid a false 
flag situation, and allow the system to retrieve all 
expected data. 


CONCLUSION 


In this application brief, we have highlighted some 
subtle benefits and operations of the MK4505 
clocked FIFO in regards to latched status flags. 
Obviously, the MK4505 demands certain design 
considerations when compared to previous ripple- 
through type FIFOs like the MK4501. By providing 
latched EF and FF flags, the MK4505 ensures 
proper operation for set-up and hold times in a 
clocked system environment. Previous ripple- 
through FIFOs cannot within themselves ensure 
proper set-up and hold times in a clocked system 
design. Therefore, the MK4505 makes design ea- 
sier, and takes the worry out of interfacing a FIFO 
with a system operating on a periodic or free-run- 
ning clock. 
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THE MK4505 MASTER/SLAVE WIDTH EXPANSION 


INTRODUCTION Figure 1. Pin Connections 


The MK4505 from SGS-THOMSON offers high 
performance, high density First-In-First-Out opera- 
tion, and supports two asynchronous periodic clock 
inputs for read/write operations. The device is de- 
signed for applications where data is moving 
through a system on the rising edge of a free 
running clock, and allows simultaneous or asyn- 
chronous read/write operations. The basic con- 
cepts of the MK4505 clocked FIFO are described 
in an application note entitled : The MK4505 
Clocked FIFO Introductory Concepts", publication 
number AN219. The ideas described in this brief 
will help first time users in understanding the differ- 
ent functional concepts with the MK4505 from pre- 
vious low and high density FIFOs. 


The main difference between the MK4505 and 
other FIFOs is that all operations are initiated on 
the rising edge of the read or write clocks, CKr and 
CKw respectively (see Figure 1 for device pinout). 
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INTRODUCTION (Continued) 


This particular application brief will discuss read 
and write cycles for the MK4505M (Master), and 
the MK4505S (Slave) as separate devices, as well 
as their cascadable application. Width expansion 
will be reviewed as Master-to-Slave and Slave-to- 
Slave. Master-to-Master width expansion is not 
allowed. Each device has a 1K x 5 bit organization, 
and is width expandable to at least 40 bits with no 
additional logic. Cycle times range from 20 to 
40MHz with access times of 15 to 25ns. 


MK4505M/S (MASTER/SLAVE) CONCEPT 


The MK4505M/S (Master/Slave) concept provides 
for easy width and depth expansion capability by 
using one MK4505M for each 1024 bits of depth, 
and one MK4505S for each additional 5 bits of 
width. For most applications, the Master-to-Slave 
width expansion configuration offers the best solu- 
tion. A full set of status flags is offered by the 
MK4505M, and thereby providing all of the neces- 
sary controls signals to the Slave. The Master- 
Slave width expansion arrangement gives the 
system designer worry free operation from word 
skew ambiguities that can be realized due to status 
flag access times during asynchronous read/write 
operations. The MK4505M is supplied in a 300mil, 
24 pin plastic DIP, and the MK4505S comes in a 
300mil, 20 pin plastic DIP which gives additional 
savings in printed circuit board space. An example 
of some simple read and write timing diagrams are 
shown in Figures 2 and 3 showing the differences 
of the MK4505M and MK4505S as stand-alone 
devices. These figures presume that the Master is 
neither full or empty. 


SLAVE WIDTH EXPANSION 


The key difference between the MK4505M and 
MK4505S is that the Master has on-chip write 
protection when full, and read protection when 
empty, whereas the Slave offers no overflow or 
underflow protect circuitry. The MK4505S can be 
used as a Stand-alone device or in width expansion 
without the Master, but this forfeits the automatic 
read/write protect circuitry offered in the MK4505M. 
Even if no read cycles occur, previously written data 
will be over-written within 1025 write cycles. Of 
course data can also be re-read if no write cycles 
occur within 1025 read operations. A reset opera- 
tion will also allow the user to re-read data with the 
MK4505S. However, during reset both the read and 
write pointers are reset to location (address) zero. 
Additionally, during reset the half full (HF) counters 
will be initialized. 


An example schematic of Slave-to-Slave width ex- 
pansion is shown in Figure 4. The previous 
read/write diagrams in Figures 2 and 3 are also 
examples of the MK4505S (Slave) width expansion 
timing. Since the MK4505S allows continual read 
and write cycles, the MK4505S can be used in 
applications where data underflow and overflow to 
the FIFO cannot occur, or where data underflow 
and/or overflow is desired or doesn’t matter. Here 
the Slave will offer high performance with additional 
board space reductions. The MK4505S also offers 
a rising edge triggered three state output bus con- 
trol. Whenever RE2 is LOW at the rising edge of 
CKr, the Qs will be high-Z at taz from the rising 
edge of CKr. 
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MASTER/SLAVE WIDTH EXPANSION 


As previously mentioned, the Master/Slave width 
expansion offers a full compliment of status flags and 
all necessary control signals for proper operation. 
The MK4505M provides a high impedance data bus 
after reset, and whenever the FIFO is empty. An 
example schematic of MK4505M/S width expansion 
is shown in Figure 5. This example is presuming a 
data bus width of 32 bits with an additional 3 bits. The 
additional bits could be used to pass decode infor- 
mation or other control status information. Mas-ter/Slave 
width expansion timing is displayed in Figure 
6. This figure shows an initial reset with flag status, 
and First Read Latency (tFRL) after First Write, and 
finally write until full with read disabled (RE1 =LOW). 
Additionally, the read and write clocks are asynchro- 
nous at different cycle rates. 


The logic state of the DR status flag follows the FF 
status flag, and is updated with each rising edge of 
the write clock (CKw). The QV status flag follows 
EF by one cycle respective to the rising edge of 
CKr. The DR and QV outputs are latched status 
flags, with their main function being to incorporate 
Master-to-Master depth expansion, or Master-to- 
Slave with and depth expansion (refer to the 
MK4505M/S data sheet). Therefore, DR (Data 
Ready) and QV (Output Valid) are offered as op- 
tional status flags to be monitored by the user in 
Master-Slave with expansion mode. They are 
totem-pole outputs, and can be left disconnected 
in this configuration. 


DESIGN CONSIDERATIONS 


As with all FIFO applications, a reset is required to 
initialize all counters before normal operation be- 
gins. Referring again to the MK4505M/S data 
sheet, the user must take into account the first valid 
read delay access time from the first valid write 
operation after reset. This is the expected "fall- 


through delay time" calculated as : ts + tFrL + ta. 
The ts parameter being the set-up time to the First 
Write operation ; trr_ is the First Read Latency as 
the First Read clock delay after the First Write ; and 
ta is the Q output access time from the First Valid 
Read Clock. The MK4505M provides read protect 
circuitry via the EF status flag, therefore read oper- 
ations will not be allowed until the EF is cleared. 
Thus first valid data after reset has a maximum of 
75ns for a 40MHz cycle. 


When using the MK4505S separately, the user 
must observe the trrL parameter to ensure First- 
Write-to-First Read valid data. Once tert is satis- 
fied, valid data is guaranteed on the Q outputs at 
ta from the rising edge of CKr. Read operations 
attempted before trrt is satisfied may result in 
reading RAM locations not yet written. Since the 
Slave offers no read or write protect circuitry, the 
user must observe trrt, especially when using free 
running asynchronous read/write clocks on the 
MK4505S8. 


CONCLUSION 


The MK4505M/S offers width expansion to any line 
or word size, and at least 40 bits of width without 
additional support circuitry. Master-to-Slave width 
expansion has a full compliment of status flags as 
well as Slave control logic for proper operation. The 
MK4505S is also width expandable with certain 
res-trictions. The MK4505M cannot be written while 
FULL, or read when EMPTY ; whereas, the 
MK4505S allows continuous read/write operations. 
Master-to-Master width expansion is not allowed. 
Both devices use the SGS- THOMSON Microelectronics 
BiPORT™ RAM based memory cell allowing simul- 
taneous read/write operations, and a 1k x 5 pipeline 
architecture giving the MK4505 an unsurpassed 
15ns access time with a 25ns cycle time. 
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Figure 2. Read Timing 
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Note : Waveforms for master or slave stand-alone operation. 


Figure 3. Write Timing 
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Note : Waveforms for master or slave stand-alone operation. 
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Figure 4. Slave width Expansion 
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Figure 6. Master-to-Slave width Expansion Timing Write/Read/Write-to-Full 
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MICROWIRE EEPROM COMMON I/O OPERATION 


SGS-THOMSON Microelectronics provides a wide 
range of serial access EEPROMs. The MICROWI- 
RE™ product line is designed for a 4-wire interface: 
SK the Clock input, CS the Chip Select Input, D! the 
Serial Data Input, and DO the Serial Data Output. 
some MCUs such as the SGS-THOMSON ST9 or 
ST7 series include a Serial Peripheral Interface 
(SPI) "on-chip", that can fit this MICROWIRE inter- 
face, but those EEPROMs can be used with any 
general purpose microcontroller where the inter- 
face wires are hooked to I/O ports or some equival- 
ent circuitry. 


Since DO output is in high impedance while instruc- 
tions, addresses and data are shifted into the DI 
serial input, it seems attractive to tie DI and DO pins 
together to provide a common DI/DO bus. The 
chips can operate correctly in this configuration, 
provided that appropriate design rules are carefully 
followed. The possible troublesome situations are 
limited to the instructions where DO output is acti- 
vated. 

Such instructions include: READ,WRITE, ERASE, 
WRAL and ERAL. 


Figure 1. Typical Common DI/DO Application 
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This note reviews and details the specific points 
where precautions must be taken in common 
DI/DO applications. In order to provide the designer 
with a safe-design guide, all calculations are car- 
ried out upon the worst case values as specified in 
the data sheet of these EEPROM devices. 


READ INSTRUCTION 


Let’s consider a typical common DI/DO application 
(as in Figure1). The DI driver and the DO receiver 
can be discrete logic or part of a microcontroller I/O 
port or any equivalent circuitry. 

DO pin is in high impedance while the READ 
opcode and the address bits are clocked into the 
chip upon the rising edge of SK clock. These bits 
must be kept valid for a minimum hold time of toi: 
see data sheet. However, upon the rising edge of 
SK where the last address bit (AO) is clocked into 
Dl, the DO pin comes out of high impedance and 
outputs the leading bit (logical 0) which precedes 
the 16 bit data string (see example in Figure 2). 
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APPLICATION NOTE 


The maximum delay between the rising edge of SK 
and the leading "0" bit is specified for a maximum 
of tppo (between 500 ns and ips, depending on the 
product); nevertheless, typical values of less than 
100 ns can be found. 

Since the D! driver must remain enabled with the 


Figure 2. Read Instruction Example 
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AO bit for a minimum of ton (hold time) before being 
disabled, a bus conflict will occur if the AO bit is a 
"{" (odd address registers). The consequences 
are: 


- alow impedance path is created between Vcc and 
ground through DI driver and the on-chip DO out- 
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Figure 3. Short-Circuit between Vcc and Ground 
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APPLICATION NOTE 


put buffer (see Figure 3); this short-circuit may fer; the DI pin can even see a logical "0" preventing 


produce glitches on the power supply which can the access of the odd address registers. 
disturb all the circuits on the board; 


This trouble can be solved by inserting a current 


- the logical level on the DI/DO bus is not well- limiting resistor in the sinking current path. Figure 4 
defined as it is the result of the relative driving § shows some possible locations for this resistor; 
capability of the DI driver and the DO output buf- however, the best location is between the DO out- 


Figure 4. Possible Locations for the Current Limiting Resistor 
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put and the DI/DO bus for the following reasons: 


- during the overlap time, the logical level on the 
DI/DO bus will be defined by the DI driver only, 
allowing the respect of the toi hold time specifi- 
cation. 


- as we discuss later, the R resistor slows down the 
propagation time of the DO output signals on the 
DI/DO bus, but only the 16 bits of data read from 
the chip are affected. If R were in series with the 
DI driver, all the input signals for all the instructions 
would be slowed down in the same way. 


The R resistor doesn’t have any effect as long as 
DO is in high impedance. During the execution of a 
READ instruction, R sinks some current from the DI 
driver during the short overlap time; then the DI 
driver is disabled and DO output takes control of the 
DI/DO bus through the R resistor. 

Because of the bus capacitance C, the signals are 
distorded: the rising and falling edges of DO output 
are transformed into exponential curves whose 
shape depends on the time constant RC (see Fig- 
ure 5). 


The consequence is: after a rising edge of SK clock, 
the logical level on the DI/DO bus needs some delay 
before being considered as steadily established 
and ready to be sampled by the DO receiver. This 


safety delay can be estimated to be at least 3xRxC; 
after sampling, the subsequent rising edge of SK 
can occur. 

When applying the results of Figure 5 to the worst 
case of DO output levels (see data sheet): Vou min 
= 2.4 V, Vo. max = 0.4 V, Voltage Swing = 2 V, the 
DI/DO bus levels will be: 


- logical "1" = 2.3 V minimum for a delay of 3xRC 
- logical "0" = 0.5 V maximum after SK rising edge 


It will be necessary to reduce the SK clock fre- 
quency when and only when shifting the 16 bits of 
data out from the EEPROM. All other operations 
can be performed at the nominal clock rate. 


This reduction is of course directly related to the RC 
time constant of the DI/DO bus. Figures 6, 7, 8 
show some experimental examples replotted from 
the scope with different values of R and C. 


In the last example, the maximum clock frequency 
is: 1 / 83xRC = 100 KHz, assuming that DI/DO bus 
is sampled by the DO receiver circuitry just before 
the rising edge of the SK clock. 


In order to avoid an important reduction of the clock 
frequency, the following techniques can be used 
which minimize the R and C values: 


Figure 6. Oscilloscope Plot, R = 10 kQ, C = 100 pF, RC =1 us 
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Figure 7. Oscilloscope Plot, R = 5 kQ, C = 100 pF, RC = 500 ns 
VA00516 | 7 

4 8V 

-SK clock 


“EL bes 


Vd tated [TPT deb 


:DI/DO bus 


bertlistel 4 it be 
DC output 


[DI driver enable 
- (1 =disabled) 


tv 


SK clock 


EN |b edt | 


“DI/DO bus 


e 


HI I-i FY eer diet 


Abed Pa E a df 4 tet t-[-4 Fe 


DO SOUT put 


D| driver enable 
(1=disabled) 


Rht deer gd deft ek pf td 


z 5/8 
yy se8:TMomson ——__8 


APPLICATION NOTE 


- to minimize the bus capacitance, it is important to 
implement the EEPROM device as close as 
possible to the DI driver/DO receiver circuitry for 
the shortest connection, and not share too many 
devices on the same DI/DO bus since the capaci- 
tance will be proportionnal to the number of 
devices connected in parallel to the same DI/DO 
bus. 


- the value of the R resistor can be decreased as 
long as the DI driver can source the corresponding 
amount of current during the bus conflict time and 
as long as the power supply is adequately decou- 
pled to withstand this transient of current. It’s up 
to the designer to decide about the best trade-off 
based upon his specific application’s require- 
ments. 


INTERFACE WITH CMOS CIRCUITS 


The MICROWIRE EEPROM devices are specified 
for TTL compatible input/output levels; when using 
CMOS circuits to interface these devices, some 
precautions must be taken to ensure the correct 
interpretation of the logical levels. 

Since the CMOS output-high levels are close to Vcc 
and output-low level close to OV, it is obvious that 
there are no difficulties in driving the DI, CS and SK 
inputs of the EEPROM devices. 


Concerning the DO output, the minimum output- 
high level is specified to 2.4 V, which is lower than 
the minimum input high level of CMOS (3.5 V for 
Vcc = 5 V). A common practice is to connect a 
pull-up resistor Rp between the DO output and Vcc, 
thus increasing the effective high-level in order to 
meet the CMOS specs. 

Although this configuration suits perfectly to a sep- 
arate DI and DO, it raises some difficulties in com- 
mon DI/DO applications. 

When DO output is a "zero" level, i.e. Vor= 0.4 V, 
worst case conditions, the R and Rp resistors act 
together as a voltage divider on the DI/DO bus (see 
Figure 9); hence, the Rp resistor value must be at 
least 5 times greater than R value and the "zero" 
level on the DI/DO bus is: 


0.4V+(5V-0.4V)xR/(R+Rp)=1.17 V 
when Rp = 5xR 


Although this value is 330 mV below the 71.5 V, 
maximum "zero" input level of CMOS, the wide 
noise margin traditionally associated with CMOS is 
then significantly reduced. 

For a "1" to "0" transition, the DO output on-chip 
buffer will have to discharge the bus capacitance 
through the R resistor and to sink some current from 
the Vcc through Rp resistor. In that case, we may 


Figure 9. DI/DO Bus Configuration with Pull-up Resistor (Rp) 
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see that the new time constant is equal to the 
product of the bus capacitance C with the parallel 
combination of R and Rp, whichis 17% smaller than 
the one without Rp. However, the steady "0" level 
is no more 0.4 V, as we assumed for TTL levels but 
1.17 V as calculated above (if Rp = 5xR). Despite 
of this smaller time constant, the voltage swing 
between "0" and"1" is greater in this case (see later 
on); hence it is advised before sampling to keep the 
same "rule of the thumb” delay of 3xRC after the SK 
clock rising edge. 


The major problem is for the "0" to "1" transition. 
During a first step, the bus capacitance is charged 
through DO output in series with R and the Vcc 
power supply in series with Rp. These conditions 
lead to the same time constant as above (i.e. 17% 
smaller than the one without Rp). 


But once the DI/DO bus voltage reaches the DO 
output level, the DO on-chip buffer is automatically 
turned off and the Rp resistor remains the only 
contributor to the charge of the bus capacitance, 
resulting into a much higher time constant: RpxC = 
5xRxC (if Rp = 5xR). 

lf we consider the worst case "1" output level for DO 
(Von= 2.4 V ), it lasts a long time to go up to 3.5 V, 


APPLICATION NOTE 


which is the minimum "1" input level for CMOS. It 
will last exactly 0.55xRpC (if Vec = 5 V) or 2.75xRC 
after the DO output turn off, and we must add a 
reasonable noise margin (300 or 400 mV). 

As a result: the minimum delay between the rising 
edge of SK and the sampling of the DI/DO bus 
should be 2 or 3 times longer than the one we've 
found for the TTL levels (without Rp), and the clock 
frequency must be reduced as much. 

It is possible to avoid this situation by using a TTL 
level compatible input CMOS device such as the 
74HCTXXX devices as DO receiver circuit, or a 
CMOS microcontroller that provides a "TTL input 
levels" option on its I/O ports, such as the ST9 
series, and thus get rid of this Rp resistor. 


PROGRAMMING MODE: ACKNOW- 
LEDGEMENT OF READY/BUSY STATUS 


On the MICROWIRE EEPROM devices, the self- 
timed programming cycle uses DO output to indi- 
cate the ready/busy status of the chip. 

The self-timed programming cycle begins with the 
falling edge of CS at the end of a programming 
instruction; such instructions include: WRITE, 
ERASE, WRAL and ERAL. 


Figure 10. Oscilloscope Plot, R = 10 kQ, C = 100 pF, Rp = 50 kQ 
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Figure 11. Acknowledge of the Ready/Busy Signal on DO Output 
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CS pin must be kept low for a minimum of tcs (see 
data sheet). DO output remains in high impedance 
as long as CS is low; if CS is brougth high for 
clocking a new instruction, DO comes out of high 
impedance state and indicates the Ready/Busy 
status of the chip (0 = Busy, 1= Ready). 

In common DI/DO applications, this may create 
again a bus conflict; therefore, it is recommended 
to cancel this status signal: this is very simply done 
by applying a single clock pulse on SK input while 
CS is high (see Figure 11). 


The operation is scheduled as follows: 

- shift into the chip a programming instruction 
- bring CS low for tes minimum 

- bring CS high 


- monitor DI/DO bus till a'"1" level is detected 
(Ready) 


-DI/DO bus 


:DI driver enable 
: (1=disabled) 


- clock SK once 
- bring CS low 
- the chip is ready to accept a new instruction 


It should also be noted that this Ready/Busy status 
can be found active after the power-up of the chip; 
therefore, it is recommended to clock SK once (with 
CS = 1) prior to any instruction. 


CONCLUSION 


This note gives some guidelines for the possibilities 
and the conditions of a safe operation in common 
DI/DO applications. The safety of these designs is 
based on the good safety margins and the worst 
case data sheet values used in the calculations. 
These calculations are of course not exhaustive, 
each designer may adapt them for any given appli- 
cation. 
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ENSURING DATA INTEGRITY IN ZEROPOWER 
AND TIMEKEEPER RAMs 


The ZEROPOWER™ and TIMEKEEPER™ product 
families offer a unique non-volatile RAM solution. 
ZEROPOWER products consist of a single chip 
containing an ultra low power SRAM, a comparator 
for power supply voltage detection and battery 
control logic. TIMEKEEPERs include, in addition, 
a real time clock which loads clock/calendar infor- 
mation into specific locations of the memory array. 


The monolithic ZEROPOWER and TIMEKEEPER 
chips are packaged in 600 mil wide dual-in-line 
plastic packages with 24 or 28 pins. The "top-hat" 
housing attached to the top of the DIP package 
contains the battery and also a crystal for the 
TIMEKEEPER products. 


The products operate as conventional SRAMs 
when external power is applied. They have stand- 
ard SRAM footprints and fast read and write ac- 
cess times. When the applied power supply drops 
below the specified threshold, the control circuitry 
write protects the memory. At a lower voltage the 
internal battery supplies power to maintain the data 


ZEROPOWER Main Part Numbers 


[oe [we | oman | vere [name 


MK48C02 No battery 
MK48Z02 


MKI48Z02 —40 °C to 85 °C 
MK48212 


MKI482Z12 —40 °C to 85 °C 


MK48Z09 
MK48218 


MKI482Z18 —40 °C to 85 °C 


MK48Z08 Power Fail Interrupt 
64K 


MK48219 Power Fail Interrupt 
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TIMEKEEPER Main Part Numbers 


in the SRAM and power the real time clock until the 
system power becomes valid again. 


Correct operation of the ZEROPOWER and TIME- 
KEEPER products requires the usual design con- 
siderations for high speed SRAM systems, however 
some additional points which sometimes give rise 
to incorrect operation are discussed below. 


Data Corruption or Loss 


Negative Undershoots. Loss or corruption of the 
data in the entire address space of the RAM can be 
caused by negative undershoots of more than 0.3V 
occurring on the device pins during a power cycle. 
Negative undershoots are often the result of im- 
proper termination of the signal lines. A resistor 
network can be used to correctly terminate the 
signal lines and prevent reflections and under- 
shoots. 


Figure 1. Gating of the system RESET and 
memory CHIP ENABLE for MK48Z02, MK48T02 
and MK48Z08 
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Power Fail Interrupt 

Power Fail Interrupt 
Inadvertent Writes. Corruption of data in isolated 
bytes of the SRAM after a power cycle can be 
Caused by inadvertent write cycles occurring on 
power up. Inadvertent writes can occur before the 
system stabilizes but after the ZEROPOWER or 
TIMEKEEPER is active. The memory should be 
protected against writing during the start-up phase 
and the signals are stable, by gating the system 


RESET with the memory CHIP ENABLE, as shown 
in Figure 1. 


Low or Noisy Power Supplies. ZEROPOWER 
and TIMEKEEPER products have well specified 
windows for the power supply voltage within which 
they deselect or reselect. These windows are spec- 
ified as either 4.75V to 4.5V or 4.5V to 4.2V. During 
normal operation the supply voltage for the prod- 
ucts must exceed the maximum window value. If 
however, during a memory access, the supply volt- 


Figure 2. Power on reset using E2 input of the 
MK48Z08 or MK48Z09 


NON VOLATILE RAM 


MK482Z08 
or 
MK48Z09 
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age drops into the deselect window, an invalid read 
or write to the ZEROPOWER or TIMEKEEPER may 
occur. Power supply fluctuations caused by current 
transients can be reduced through the use of a 
supply bypass capacitor mounted close the mem- 
ory package. A suggested value is 0.01 uF. If the 
system power supply is low and cannot be modified 
easily to bring it within specification, a change in the 
product type from a 5% to a 10% tolerance part may 
cure instances of unwanted deselection and appar- 
ent data corruption or loss. 


TIMEKEEPER Clock Errors 


Setting Unused Bits in Clock Registers. Within 
the eight bytes of clock/calendar information, con- 
tained in the memory array of the TIMEKEEPER 
products, are a number of bits which are specified 
as ‘unused’, but which must be written to zero. 
Some of these bits controlinternal test modes which 
speed up the clock in order to efficiently test the 
products at the factory. The bits are always set to 
zero before shipment, but if an application sets 


these bits a test mode may be invoked and the clock 
may run erratically. In a test mode the clock may 
run extremely fast or the seconds may not roll over 
to minutes after 60 counts. Software routines ad- 
dressing the control registers should specifically set 
the unused bits to zero. 


Immediate Access of Clock Information after a 
Power Up. During normal operation of the TIME- 
KEEPER products, the memory locations of the 
SRAM that contain the clock/calendar information 
are updated by the internal clock counter once per 
second. When a TIMEKEEPER is in the battery 
back-up mode, no updates to the memory locations 
occur. After a power up, the actual time is trans- 
ferred to the memory locations one second after the 
product reselects. Thus access to the clock infor- 
mation in the memory in less than one second after 
a power up may yield the same information that was 
present at power down, not the new time. 


The precautions described above are the most 
frequent that many users enquire about, it is hoped 
that this brief Application Note will provide a fast 
solution. 
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UPGRADED MEMORY CAPABILITY USING ZEROPOWER 


systems that need read/write non-volatile memory 
have several choices available: EEPROM, 
SRAM plus battery or the ZEROPOWER™ and 
TIMEKEEPER™ products from SGS-THOMSON. 
Many microprocessor based systems require a 
non-volatile memory for storing vital data such as 
calibration constants, set up parameters, adapt- 
able boot programs or other routines, systems 
status or clock & calendar information. Conse- 
quently many systems from computer and POS 
terminals, video games, process controllers, medi- 
cal equipment, trip computers, PABXs, to TV sets 
are using non- volatile memories today. 


EEPROM memory access times are fast for data 
reading (100-200ns) but relatively slow (5-10ms) 
for writing which means that in many system appli- 
cations data has to be copied in fast RAM and 
written to the EEPROM only when neccessary. 


AND TIMEKEEPER PRODUCTS 


Standard SRAMs can be incorporated directly into 
the memory map of processors since they have 
fast, equal read and write speeds. However addi- 
tional circuitry must be designed to monitor the 
power supply and switch them over to battery 
back-up operation to make them non-volatile. A 
perfect solution to the need for non-volatile RAM is 
provided by the SGS-THOMSON ZEROPOWER 
and TIMEKEEPER RAMs which provide an SRAM 
together with battery back-up and the power supply 
and switch over circuitry in a single package. In 
addition the TIMEKEEPER products include a real 
time clock providing year, month, day, date, hour, 
minute and second information which may be read 
from locations in the SRAM address space. 


System designers can adopt a flexible solution to 
non-volatile memory by making a PC board layout 
which will allow users to have an easy upgrade from 


Figure 1. Signal definitions for 24 and 28 pin DIP 
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one solution to another. Three jumpers can be used 
to select the use of 2k x 8, 8k x 8 or 32k x 8 
EEPROM, standard SRAMs or ZEROPOWER/ 
TIMEKEEPER products. Product enhancements 
can be easily made by changing, for example, an 
EEPROM to a TIMEKEEPER. This would retain the 
non-volatile memory, but would add the ability for 
fast reading and writing of the memory and have a 
real time clock available. Typical benefits from 
using the TIMEKEEPER would be to timestamp 
events such as data transfers or files. 


The standard pin out for 2k to 32k memories is 
based on either a 24 or 28 pin dual-in-line package. 


Figure 1 shows in the center a 24 or 28 pin package——— 


with the signal definitions for the 2k -x-8-memory - 
which can be an SRAM, EEPROM or 
ZEROPOWER productin 24 pin DIP. The difference 
in the signal definitions for each type and size of 
memory are show to the left and right. 


Table 1 gives the full listing of memory types and 
the jumper connections corresponding to the circuit 
of Figure 2. The PC board is provided with 28 
connections, but only the lower 24 are used for 
smaller memory sizes. Pin 2 is jumpered across to 
either the INT line for the TIMEKEEPER MK48T08, 
or the A14 address line for the larger 32k x 8 
EEPROM, SRAM or MK48Z32 ZEROPOWER 
products. Pin 26 is jumpered across to one of three 
signals, the supply Vcc for smaller memories of 2k 


x 8 capacity including the ZEROPOWER MK48Z02, 
the second chip enable E2 for the TIMEKEEPER 
MK48T08 or the address line A13 for larger mem- 
ories of 32k x 8 capacity including the MK48232. 
The third jumper on pin 23 connects to either the 
write line W for 2k x 8 EEPROM, SRAM and 
ZEROPOWER/TIMEKEEPER products or to A11 
for the 8k x 8 and larger 32k x 8 sizes. 


Figure 2. Jumpers for pins 1, 23(21) and 26(24) 
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Table 1. Jumper positions for each type of memory 
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There has been for some years misunderstandings 
about the definition and specification of memory 
timing parameters. Many companies have used 
different timing names and different waveform di- 
agrams. Sometimes parameters are not clearly 
and unequivically defined. 


Timing parameter names have historically tended 
to describe the functions of the time, for example: 


— tAH Address Hold time 
— {DH Data Hold time 
—tacc Access time 


These names do not describe very well the actual 
time specified, tay does not say hold time from 
what, to what. tacc does not specify whether this is 
the time from, for example, addresses valid or from 
chip enable asserted. 


Abetter system is to follow that outlined by JEDEC. 
This uses both signal names and logic states to 
define the timing parameters. 


The system follows the rules as in the example 
"t1234", where 1 and 3 specify the signal names 


Figure 1. Signal Names 
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TIMING SPECIFICATIONS 


(negative logic signals eg. E are shown without the 
negation bar), for example: 


-Q Data Output 
-D Data Input 
-E Chip Enable 
-G Output Enable 
—A Addresses 

— W Write Enable 


and, 2 and 4 specify the logic level as in Figure 2 
and follows: 


—H a Low to High transition to above a High 
level measurement threshold 

—-L a High to Low transition to below a Low 
level measurement threshold 

-V valid signals, above High or below Low 
measurement levels 

— xX transition or invalid signals, signals that 


are possibly changing and are below a 
high level or above a low measurement 
level. 


Figure 2. Input Output Waveforms References 


Note: High. Low, Valid and Transition (X) levels 


1/3 
1105 


AN397 


Some examples of these definitions, with the name 
it replaces, are in Table 1. 


Table 1. Timing Characteristics Example 


Address Valid to Output Valid 


t t Chip Enable Low to Output 
ae Transition 
t Chip Enable Low to Output 
ELQV Ice Valid 
t t Output Enable Low to Output 
ere OLZ Transition 
Output Enable Low to Output 
teLav toe Valid 
Ae Enable High to Output 


Note: These are taken from the FLASH MEMORY data sheets. 


Output Enable High to Output 
Hi-Z 


Address Transition to Output 


Transition 


MEASUREMENT CONDITIONS 


The signal measurement conditions are also im- 
portant for the definition of timings, there are three 
important definitions, 


The input signal rise and fall time. Although, in 
theory, no timings depend on this - that is the 
definition of parameters is not dependant on the 
rise or fall time of the input signals - some products 
may have characteristics which vary with the slew 
rate of the input. 


The levels of the input signal. Both the Low level 
and High level voltage. These obviously must be at 
least equal to the specified Vi_ and Vin for the 
device input signals. 


The voltage level at which the timing measurement 
starts and stops. 


For example, for EPROMs the SGS-THOMSON 
specification states: 


— Input Rise and Fall times are 20ns max 


— Input and Output signal levels are 0.4V(min) to 
2.4V (max) 
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— Input and Output timing reference levels are 
0.8V(Low) to 2.0V(High) 


and, a signal is defined as Hi-Z (high impedance) 
when it is not driving or being driven. 


USING THIS SYSTEM 


The system then works, for example, like here after 
described. 


A time specification of tavav means a time from the 
point where the address lines are ALL below 0.8V 
for signals at or going to alogic Low level and above 
2.0V for those at or going to a High logic level, toa 
time where the data output signals are ALL either 
below 0.8V or above 2.0V. 


Atime specification of teHaz means a time from the 
chip enable input going above 2.0V to the point 
where the data output is no longer driving. 


Atime specification of taxax means a time from the 
point where any single address line rises above or 
falls below its stable, valid level (0.8V for Low level 
or 2.0V for High level), to the point where any data 
output line transition passes these levels and is 
consequently no longer valid. 


TIMING DIAGRAMS 


The use of these definitions makes it unneccessary 
to draw the timing diagrams with times shown from 
a notional high or low measurement point, as the 
measurement points are clearly specified by the 
definition of measurement conditions and the sig- 
nals and logic are described by the timing param- 
eter description. The diagrams can be simplified for 
maximum clarity and understanding by indicating, 
diagrammatically, the timings from the waveform 
center point. 


For example, if the measurement conditions for 
timing are specified as: 

— Input Voltage levels are 0.45 to 2.4V 

— Input and Output reference levels are 0.8 to 2V 
and, Output Hi-Z is defined as the point where the 
signal is no longer driving; then in the diagram: 


— tavav is measured from the point where all ad- 
dress lines are either above 2V or below 0.8V 
to the same levels at the end of the cycle. 


— teLav is measured from E Low, or below 0.8V 
to the point where all data lines are either 
above 2V or below 0.8V. 


— teEHaz is measured from E High, or above 2V, 
to where the data outputs are no longer driving 
the signal lines. 
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Note that the teLav timing, for example, is shown the actual measurement points are clear from the 
diagramatically not from a "low" point on the E definitions and timing names. 
falling edge, but from the center and is shown not This system has been, or will be, adopted for all 


to a "high/low" point on the Data Output but again 
to the center. This is for clarity of the diagram, as Bee ie MeOhnemon piocucls: 


Figure 3. Timing Diagram Example 


DQO—-DQ7 DATA OUT 


VA00709 


. 3/3 
ky S2ontecasee > 
1107 


kyz 36S THOMSON 


Surface mounting packages can be supplied with 
Tape and Reel packing. The reels are standard 
330 mm diameter and contain between 250 and 
2500 devices. 


The packages supplied on Tape and Reel are listed 
in Table 1, with their body width in "mils". This table 
also shows the Tape Width and Part Pitch used, 
and the quantity per reel. 


Table 1. Packages on Tape and Reel 


APPLICATION NOTE 


TAPE AND REEL PACKING 


by Antony WATTS 


The reels used are either plastic antistatic or con- 
ductive with a black conductive cavity tape, the 
cover tape is transparents antistatic or conductive. 


Devices are orientated in the cavities with the 
identifying pin (normally pin 1) on the same side as 
the sprocket holes in the tape. 


Package Type Body Width Tape Width | Part Pitch Q.ty per Reel 
(W) (P) 


150 mils 
150 mils 
150 mils 
300 mils 
300 mils 
300 mils 
300 mils 


Plastic Small Outline 
Plastic Small Outline 
Plastic Small Outline 
Plastic Small Outline 
Plastic Small Outline 
Plastic Small Outline 


Plastic Small Outline 


PSOJ28 
PSOJ28 
PSOJ28 
PLOC20 
PLCOC28 
PLCOC32 
PLOC44 
PLOC52 
PLOC68 
PLCC84 
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300 mils 
330 mils 
340 mils 


Plastic Small Outline J-lead 
Plastic Small Outline J-lead 
Plastic Small Outline J-lead 
Plastic Leaded Chip Carrier 
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Figure 1a. Reel 
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Figure 1b. Reel Dimensions 


[Tavesize | Max | emin | c | pain | nmin |G | TMox | unit 
| tam | so | 15 | seo | a2 | so |iaaearo| te4 | mm 
| semm | ao | 16 | wee | coe | so [seaver-o| aa | mm 
| 4mm | soo | 15 | sae02 | aoe | so fassear-o[ sn4 | mm 
| sam | sv | 15 | sae02 | 202 | so foatsarof | mm 
a 


2/5 
1 ky7 $88 ;TISMSON 
1110 


Figure 2. Leader and Trailer 
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Figure 3. Small Outline Mechanical Polarization 
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Figure 4. PLCC Mechanical Polarization 
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Figure 5a. Embossed Carrier for 8, 12, 16, 24 mm Tape 
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Figure 5b. Carrier Tape Constant Dimensions 
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Note: Ao, Bo, Ko, are determinated by components sizes. The clearance between the component and the cavity must be within: 
a. 0,05 mm min. to 0.50 mm max. for 8 mm tape 
b. 0,05 mm min. to 0.65 mm max for 12 mm tape 
c 0,05 mm min. to 0.90 mm max. for 16 mm tape 
d. 0,05 mm min. to 1.00 mm max. for 24 mm tape 


Figure 5c. Carrier Tape Variable Dimensions 
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Figure 6a. Embossed Carrier for 35, 44 mm Tape 
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Figure 6b. Carrier Tape Constant Dimensions 
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Note: Ao, Bo, Ko, are determinated by components sizes. The clearance between the component and the cavity must be within: 
0,05 mm min to 1.00 mm max. for 32 mm and 44 mm tapes. 


aaa 6c. Carrier Tape Variable Dimensions 
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APPLICATION NOTE 


THE MK4202 TAGRAM 32-BIT CACHE DESIGN CONCEPTS 


INTRODUCTION 


The MK4202 cache TAGRAM™ from SGS- 
THOMSON Microelectronics is a very fast CMOS 
SRAM based Cache Directory Comparator. The 
MK4202 offers high performance with a 20ns cycle 
time, and a 17ns address to tag compare access 
time. It is configured for the new generation 32-bit 
microprocessors, and implements a 2K x 20 ar- 
chitecture (see Figure 1). The device contains a 
20-bit on-board comparator with dual compare or 
match outputs for easy interface to various 32-bit 
processors. An on-board chip enable decoder is 
also included to allow both width and/or depth 
expansion. Depth expansion is allowed up to a 32K 
density without speed (propagation time) penalties. 


Figure 1. MK4202 TAGRAM Logic Symbol 
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The MK4202 can enhance both system perfor- 
mance and cost. The high speed compare access 
time enhances the zero wait state logic to the 
processor for better system performance. Second- 
ly, the MK4202 has high impedance data bus con- 
trol inputs (S) (G), and eliminates separate latch, 
transceiver, and comparator components. This 
reduces the required real estate in PC board area, 
and results in lower system cost with no added gate 
delays through separate components. 


TAGRAM OPERATION 


A TAGRAM is that part of a cache subsystem that 
determines if data or instructions is retained in the 
cache memory (data cache). While this may be 
obvious, it should be noted that typical cache sub- 
systems are designed in three sections: the data 
cache which stores the data to be used by the 
microprocessor, the cache tag buffer or cache 
directory, which stores the upper order address of 
each cache entry, and the cache control logic for 
processor interface, and cache read/write opera- 
tions (see Figure 2). The data is identified by ad- 
dress location, and is stored in the cache directory 
(the MK4202 serves as the cache directory). If the 
TAGRAM "sees" a match, meaning that the neces- 
sary data is resident in the cache, it determines a 
hit and initiates a zero wait state operation to the 
processor. Conversely, amiss (nomatch) condition 
results in longer cycles for program execution since 
the cache does not contain the requested informa- 
tion. 


During a compare cycle, the MK4202’s on-board 
20-bit comparator compares the upper address 
inputs (DQo - DQig) with internal RAM data at the 
specified index address (Ao - Aio). (The TAGRAM’s 
architecture is shown in Figure 3). If all bits are 
equal (match), a hit is determined, and both Com- 
pare Outputs (Co and C1) will go HIGH. If at least 
one bit is different, a miss condition exists, and both 
Co and Ci will go LOW. The user can optionally 
force a MISS or HIT on either or both compare 
outputs by asserting Mx or Hx active LOW. A forced 
MISS overrides a forced HIT input (note the data 
sheet Truth Table). The Compare Ouput Enable 
(CGx) has no affect during a Force Hit or Force 
Miss operation. 
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Figure 2. Generalized Cache Block Diagram 
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CIRCUIT DESCRIPTION 


A Direct Mapped Cache subsystem application 
using the MK4202 is shown in the schematic block 
diagram in Figure 4. In this example, we are serving 
a 32-bit microprocessor with a 32-bit address bus 
and data bus. The 12 lower significant address 
lines (Ao -A11) are connected to the address inputs 
of the MK4202, with A11 connected to Eo of both 
TAGRAMs as shown. 


Figure 3. MK4202 TAGRAM Organization 
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This input will implementa 4K address index for the 
Cache Directory in this example, and a 4K address 
for the Cache Data RAM. The upper address bits 
of the processor (A116 - A31), function as the tag data 
bits for the MK4202 TAGRAM, with CDQo pulled up 
to Vcc (+5 volts) as a valid bit. Therefore, the 
cache tag buffer, or Cache Directory, consists of 4K 
x 16 bits, or 8K bytes. The Data Cache consists of 
eight very fast 4K x 4 SRAMs with Chip Enable (E) 
for a 32-bit line width, resulting in a total of 16K 
bytes of memory (refer to Figure 5). Cache subsys- 
tems studies have shown that a cache design using 
this mapping scheme and combined memory size 
can yield a hit rate of better than 80%. 


The MK4202 TAGRAM uniquely identifies each 
cache entry with an address scheme consisting of 
the index and tag. The upper addresses of a 32-bit 
microprocessor are considered as the tag, and are 
connected to the DQ pins (DQ: - DQi6) of the 
MK4202 (see Figure 4). The CDQo pin is desig- 
nated to serve as the valid bit, as it allows the 
internal RAM to be reset or cleared to all zeros at 
all locations for the CDQo output. The 11 address 
inputs (Ao - Aio) of the MK4202 function as the 
address index, and are connected to the lower 
addresses of the processor. Extra lower order ad- 
dress lines can be connected to the Enable Inputs 
(Eo - E3) for on-board chip enable decode for depth 
expansion. (The Eo - E3 inputs correspond directly 
to the Po - P3 inputs as described in the MK4202 
data sheet). In this example, A11 is connected to Eo 
for a depth expansion of 4K. The Co and C; Com- 
pare Outputs incorporate a CMOS totem-pole 3- 
state design. This high impedance state allows 
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Figure 4. 16K-Byte Direct Mapped Cache Subsystem 


32-BIT DATA BUS 


32-BIT ADDRESS 


MEMORY & CACHE 
CONTROL LOGIC 


CIRCUIT DESCRIPTION (Continued) 


each output to be tied together in a wired-OR 
configuration for multiple device applications, as 
shown in Figures 4 and 6. A pull-up resistor is 
suggested to enhance proper operation. 


Figure 5. Cache Example Organization 
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All processor address lines do not have to be 
connected to the TAGRAM, as most systems re- 
quire designated non-cached addresses. Some 
address lines may define peripherals from an ad- 
dress vector for various I/O devices, or define DMA 
operations. Thus, a certain amount of address 
space is often required for various non-cacheable 
operations. Therefore, extra address lines from the 
processor can be used to decode these system 
operations. Unused addresses from the processor 
can be left open ; however, unused control and 
address inputs or tag data inputs to the MK4202 
should be tied to be determined as a logic one or 
logic zero. 


CIRCUIT OPERATION 


The basic purpose of our Direct Mapped Cache 
subsystem is to provide the microprocessor 
(henceforth CPU) with a quick response for re- 
quested data from the data cache to avoid long 
memory cycles to main memory. Since typical 
programs spend most of their execution time in 
loops or nested procedures from a few localized 
areas of the program, the cache subsystem can 
maintain a copy of this localized data for faster 
execution. This will make our system more efficient 
and provide optimum performance. 
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Figure 6. Application Block Schematic 
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CIRCUIT OPERATION (Continued) 


Operation begins by initializing the MK4202 TA- 
GRAM by asserting RS to clear all internal SRAM 
bits for the CDQo output to a logic zero. This 
invalidates all entries in the cache directory. When 
the CPU begins its first read command cycle, the 
lower address bits select a location in the MK4202. 
This location in the TAGRAM is compared against 
the 16 bits of tag along with the single valid bit 
(CDQo = Vcc). The valid bit will determine a miss 
condition causing Cx to go LOW since data ones 
is being compared against data zeros. This is a 
cache miss, and the CPU will wait for a response 
from main memory. 


In our Direct Mapped Cache subsystem example, 
we will assume the write-through method for main 
memory and cache coherency. This means that 
while the CPU is waiting for data during a 
read/miss operation, that the cache write/read 
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control logic is designed to write data from main 
memory into the datacache SRAMs at the address 
defined by the index. When this happens, the 16 
bits of tag, along with the valid bit, will be written 
simultaneously into the MK4202 cache directory. 
This way both the main memory and the cache 
subsystem contain the same information. 


Now the logic one valid bit on the MK4202 TA- 
GRAM can verify that the data in the data cache is 
a valid copy of main memory, since both the internal 
data and CDQo (valid) are data ones. Of course, a 
cache miss will not occur after a reset operation, 
but every time the lower 12 address index bits 
select a location where the 17 tag bits (16 bits plus 
valid bit) do not match. However, each time a miss 
occurs, the most recent data will be written into the 
cache memory. This maintains cache coherency 
with main memory by constantly updating the 
cache with the most recent data. 
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CIRCUIT OPERATION (Continued) 


After the cache has been written with valid data, 
and the CPU executes a read command from the 
same location that has been written into the cache 
subsystem, then the data tag bits will match, anda 
cache hit results. During a hit condition, both com- 
pare outputs, Co and Ci, will go HIGH. This will 
cause the CPU to operate in a no-wait state, and 
data will be gated onto the data bus from the data 
cache memory. The match/hit operation takes the 
requested data from the data cache, avoids wait 
state cycles to main memory, and terminates the 
cycle with a data acknowledge to the CPU. 


It should be noted that even though both Co and C; 
go HIGH during a hit, that both compare/match 
outputs may not be required for the cache hit/miss 
control logic. The user could use one match output 
for determining a miss or hit condition, and use the 
other compare output to pass inputs through the 
MK4202 to the CPU. This is illustrated in Figure 6, 
where Co is normally HIGH except in an error 
condition. In this manner, a system error or halt will 
alert the CPU and invalidate cache execution at the 
same time. This is another benefit using the 
MK4202 and can reduce the number of required 
logic gates, and therefore system components. 


CONCLUSION 


We have given a general application and overview 
of the MK4202 cache TAGRAM in conjunction with 
a 32-bit data bus Direct Mapped Cache subsystem 


AN400 


concept. System operation allows the cache sub- 
system to be updated with the most recent data for 
each access to main memory. The MK4202 allows 
easier implementation, and reduces the number of 
devices or components. Of course the MK4202 can 
also be used to implement a two or more set-as- 
sociative cache design. In fact, by using the enable 
and chip select inputs on the MK4202, one can easily 
implement several cache design arrangements. 


There are several features and organizational 
benefits when using the MK4202 for cache design. 
The device provides a flash clear (RS) function to 
invalidate cache entries, which is useful for single 
processor systems, and for multi-processor sys- 
tems sharing a cache subsystem. Additionally, the 
MK4202 is wide enough to provide extra bits for 
storing other information besides address tag data. 
One example might be "dirty bit" storage in a 
multi-processor application using a copy back 
method for cache coherency. Another example 
could be identification of non-cached addresses. 


With the introduction of SGS-THOMSON’s 
MK4202 TAGRAM, implementing cache subsys- 
tem designs for a 32-bit processor has been made 
easier. Cache subsystem implementation can now 
be provided for small-to-medium microcomputer 
systems without a large investment. The MK4202 
TAGRAM provides for cost effective, high speed 
cache memory designs for today’s 32-bit 
microprocessors, and is fully TTL compatible on its 
inputs and outputs. 


fy, SGS-THOMSON o/5 
S/ re elated —————————<_—— ee 


1119 


ISA SGS-THOMSON 


MICROELECTROMICS 


APPLICATION NOTE 
MK45180 BiIPORT 


SnoopTAG SIMPLIFIES CACHE COHERENCY 


INTRODUCTION 


Increased processor performance requirements 
have traditionally translated into more complex 
processor implementations, and higher clock fre- 
quencies. As the demands on leading edge tech- 
nology have exceeded the capabilities, system 
designers have moved to alternate architectures to 
meet their throughput demands. Among these, 
cache memories and multi-processing are 
prominent. 


Cache schemes in a multi-processing environment 
bring with them a whole new set of system con- 
cerns. Foremost among them is the maintenance 
of cache coherency between the remote cache 
memory subsystems, and the global system 
memory. Several protocols have evolved to ad- 
dress this issue, and all of them call for monitoring 
or "snooping" the main system bus. This type of bus 
monitoring is also known as "bus watching". The 
bus monitoring logic evaluates transactions on the 
system bus that may affect local cache storage. If 
such a transaction is detected, then the local cache 
subsystem is notified, and a fetch and update 
operation to obtain the new data will be performed 
by the local cache the next time it requests infor- 
mation from that specific location. 


The current need is for the development of a high 
performance cost effective method for maintaining 
cache coherency within a global system where 
several processors share a common communication 
bus. One solution is a dual-port (or BIPORT™) cache 
tag directory for implementing local and global 
compare operations utilizing a single storage 
medium (such as a dual-port SRAM array). A dual- 
port cache tag directory (BiPORT TAGRAM"™) ser- 
ves a pervasive need in any shared memory 
system that utilizes cache storage - that is the need 
for a cost-effective and simplified method to main- 
tain cache coherency in each of the local process- 
ing elements. To decrease system overhead, it 
would be preferable if this dual-port cache 
TAGRAM included a bus watch or "snoop" algo- 
rithm to self invalidate local cache entries that 
were overwritten in global memory by other bus 
masters and system processes sharing the same 
global data bus. 


AN401/0291 


CACHE COHERENCY CONCERNS 


A simplified block diagram for a uni-processor sys- 
tem is shown in Figure 1. The major elements are 
the local processor, system main memory, a local 
cache subsystem (blown up into it’s individual ele- 
ments), and some peripheral and I/O devices that 
share the system bus. 


This can be contrasted with a typical shared 
memory architecture for a multiprocessing system 
depicted in Figure 2. Note that each of the local 
processors has it’s own dedicated local cache sub- 
system, and each of these cache subsystems con- 
tains replicas of the data in system main memory 
that are being utilized by these processors most 
often. It is conceivable, even likely, that separate 
local processors will be processing the same sys- 
tem data repeatedly. This precisely, is where the 
issue of cache coherency in shared memory sys- 
tems is born. 


Although cache coherency concerns may seem 
more evident with multi-processor designs, even 
uni-processor designs can have need of special 
coherency logic. Referring again to Figure 1, 
should the I/O or peripheral device update main 
memory, then the local cache must be notified. The 
local cache must have a means of detecting the 
update to Main Memory in order to fetch and store 
the new data in the cache subsystem. Obviously, 
these cache coherency problems are amplified in 
a system with more than one processor, with each 
processor having its own cache subsystem. 


MULTI-PROCESSOR CACHE COHERENCY 


A more specific example of the cache coherency 
problem using a shared bus in a multi-processor 
system is illustrated in Figures 3 and 4. Here a local 
cache has data XY0O, which is a replica of the data 
stored at location XY in main memory, stored in it's 
SRAM cache bank. Another processor (or DMA 
device, I/O device, or peripheral) writes to main 
memory location XY with new data XY1 (Figure 4). 
Unless the local cache subsystem is aware of this 
write, the data that it has stored will be "stale". In 
other words, the data that the local cache has 
stored will not be equivalent to the data resident at 
the main memory location which it is intending to 
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Figure 1. Typical Uniprocessor Application 


UNIPROCESSOR SYSTEM: 


LOCAL 
PROCESSOR 


LOCAL CACHE 


MEMORY DIRECTORY 


LOCAL CACHE SUBSYSTEM 
PROCESSOR ADDRESS BUS 


COMPARATOR _+- 


TAG 
DIRECTORY 
SRAM 


SUBSYSTEM 


! 


SYSTEM 
MAIN 
MEMORY 


TAGRAM 


DATA BUS 


STFIGR1 


PERIPHERAL 


LOCAL 
PROCESSOR 
A 


RD/WRT = 80/20 


LOCAL CACHE 
MEMORY 
SUBSYSTEM 


LOCAL 
PROCESSOR 
B 


LOCAL CACHE 
MEMORY 
SUBSYSTEM 


RD/WRT ~ 40/60 


SYSTEM 
MAIN 
MEMORY 


replicate. This is a major potential source of sys- 
tem errors. 

The method for preventing this situation in these 
systems is to perform system bus watching or "bus 
snooping". Essentially the local cache subsystem 
monitors all system writes to main memory, and 
compares the main memory addresses being 
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written with the addresses of the data storedin it’s 
local cache. If the main memory location being 
written by an external source is resident in local 
cache, the local cache subsystem invalidates the 
location, effectively informing the local processor 
that the data is not coherent with the data it is 
replicating in main memory. 
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Figure 3. Cache Coherency 1 
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Figure 4. Cache Coherency 2 


LOCAL 2 
PROCESSOR 
A 
Xx Y 


DATA 
NEEDS TO BE INVALIDATED 


ee 
"DMA DEVICES 


-PROCESSORS 
MAIN MEMORY -/O DEVICE 
-PERIPHERALS 


STFIGR4 


fa7_ SGS-THOMSON 3/9 
S/ A MICROELECTRONICS 
1123 


AN401 


Figure 5. Conventional Bus Snooping Solution 
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SNOOPTAG CONCEPT 


The conventional solution to the cache coherency 
problem previously discussed is depicted in Fig- 
ure 5. In essence, system designers having little 
choice, use redundant TAGRAM banks each con- 
taining exactly the same data as the other. One 
of the TAGRAM banks is dedicated to the local 
processor, and the other is dedicated to snooping 
the system bus. This is an obvious inefficient use 
of resources. i.e. TAGRAM duplication which 
constitutes excess cost, demands additional board 
space, and results in more power consumption. 
Furthermore, the coherency control logic for the 
duplicate TAGRAM banks and Main Memory can 
become so complex that it may jeopardize sys- 
tem throughput. Hence, the dual-port TAGRAM 
(SnoopTAG ™) concept is presented as an alterna- 
tive method for cache coherency. 


DEVICE DESCRIPTION 


As a solution to an efficient method of cache 
coherency in multi-processor (or uni-processor) 
designs, SGS-THOMSON introduces a new mem- 
ber to the TAGRAM family: the MK45180 CMOS 
BiPORT SnoopTAG™. The MK45180 SnoopTAG 
is a 4K x 10 dual-port cache tag directory with an 
on-board snoop invalidation protocol. The device 
is comprised of two ports as: (1) PORT A which 
is the local processor bus port, and (2) PORT B 
as the system or "snoop bus port". Both ports have 
an independent comparator to indicate a hit or 
miss condition in reference to the cache tag direc- 
tory during compare cycles. The ports can operate 
asynchronous to each other using data stored ina 
common SRAM memory array. Thus, the 
MK45180 SnoopTAG allows the snoop invalida- 
tion process to be transparent to system perfor- 
mance. A simplified block diagram of the 


TAGRAM 
B 


SYSTEM BUS 


application concept is shown in Figure 6. (A 
thorough technical description including — truth 
tables and timing edges is given inthe MK45180 
Data Sheet.) 


Acomplete block diagram of the device concept is 
presented in Figure 7. The thrust of the idea is to 
collocate the snoop port and local port into a 
single device, not only eliminating the need for 
redundant tag directories, but also vastly simplify- 
ing the coherency control logic. Furthermore, the 
MK45180 has on-board parity generation and 
checking, allows width expansion to include a 
32-bit address bus in a master/slave configuration, 
includes a flash clear operation to invalidate or 
flush the entire cache TAGRAM, has a built-in 
snoop invalidation protocol, and has several other 
user mode options that make the device adaptable 
to many applications. 


Figure 6. Block Diagram 
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Figure 7. MK45180 Block Diagram 
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SNOOP INVALIDATION PROTOCOL 


As shown in Figure 7, the MK45180 incorporates a 
hidden Snoop Valid bit (SV) for easier BiPORT 
operations and fast snoop invalidation during 
snoop write-hit operations. Figure 8 displays how 
the SV bit must be valid for either port to detect 
a valid hit condition, in addition toa valid match 
of the tag field data bits. It should be noted that 
Port A (local port) always writes the Snoop Valid 
bit to a logic 1. Port B on the other hand, always 
clears the SV bit to a logic 0 when a snoop write-hit 
occurs. Therefore, a bus snoop hit during system 
write operations will invalidate the Snoop Valid 
bitin the SRAM array only at that specific address. 
This forces a miss and cache fetch-update when 
the local port accesses the same location ata 
later time (thus the new data is fetched and stored 
by local cache). This cache coherency method 
eliminates the possibility of invalid or stale data 
being accessed by the local port. 


TAG FIELD WIDTH EXPANSION 


The width of the tag field data bits can be increased 
by implementing a Master/Slave configuration 
shown in Figure 9. This application example dis- 
plays a 4K x 20 bit tag field with parity to include a 
32-bit address bus. Port A provides a high speed 


TDQsg TDos 


three state totem-pole match output design for fast 
match accesss and data off times (MTCHa High- 
Z). Port B has a two state match output design 
for fast expansion timing. The MTCHg output of 
the Slave is the MXI input of the Master. The MXI 
pin serves as the "Match Expansion Input" to the 
Master by providing the handshake for the snoop 
invalidation protocol. Control signals and index 
addresses can be_ bused in parallel to both 
devices, while the tag data bits are connected to 
the upper significant bits of the address field. 


The Master/Slave combination allows operation 
cycle times equal to that of the single device. The 
local port has acycle time of 20ns, while the snoop 
port has a cycle time of 30ns. The MK45180 allows 
fast local compare cycle times by ANDing the 
MTCHa outputs, while the system snoop port can 
determine a hit or miss, and complete the snoop 
invalidation within the Port B cycle time if a snoop 
write-hit exists. Only the Master device can execute 
the snoop invalidation protocol via the snoop port, 
thus the MXI handshake is required for the oc- 
casion where the Master device is a "hit", and must 
determine if the Slave device is a hit before allow- 
ing a snoop invalidation to occur. This ensures a 
valid compare-hit before the snoop invalidation 
protocol is executed within the snoop cycle. 
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Figure 8. Match Comparator Logic 
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Figure 9. Tag Field Width Expansion 
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COMPARE 6 OPTION 


The MK45180 has another unique user configura- 
tion option for compare operations affecting both 
ports. The COMP6 input pinis a static input that 
configures the comparator on both ports (Port A 
and B) to compare either 6 or 10 external tag data 
inputs with the internal RAM to determine a 
match. If the COMP6 input is tied high, then a 
tag field of 10 bitsis provided. This means both 
ports compare all 10 tag data bits with the internal 
RAM during acompare cycle to detect a hit or miss 
condition. If the COMP6 input is tied low, 4 bits 
are truncated from each port comparator, resulting 
in a 6-bit tag field with 4 status bit outputs during 
a valid compare cycle for either port (refer to the 
MK45180 Data Sheet). In summary, each port 
will indicate a hit or miss condition during a com- 
pare cycle in addition to providing four cache 
subsystem status bits simultaneously. Therefore, 
by using the COMPARE 6 option, an additional 
SRAM is not required to store and read cache 
status information. Figure 10 details the 
Master/Slave expansion combination with the 
COMPE6 input of the Slave device tied low. This 
provides a cache tag directory of 4K x 16 tag bits 
with 4K x 4 status bits. 


Figure 10. Compare 6 Option Width Expansion 
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APPLICATION EXAMPLE 


The next two figures show how a 32-bit bus scheme 
design using the SnoopTAG reduces part count, 
board space, and design complexity resulting in 
reduced design cost. The block diagram in Figure 
11 uses the conventional bus snooping approach 
by duplicating cache TAGRAMs (refer to Figure 5). 
In this diagram we employ the MK41S80 4K x 4 
cache TAGRAM to build a 4K x 18 bit (plus valid 
bit) cache tag directory. This implementation re- 
quires ten (10) MK41S80 devices in addition to the 
complex cache tag coherency and snoop invalida- 
tion protocol logic. 


In contrast, Figure 12 displays the same basic block 
logic circuit using the MK45180 SnoopTAG. To 
summarize, the same 4K x 18 bit cache tag direc- 
tory with valid bit (shown in Figure 11) requires only 
two MK45180 SnoopTAGs in the master/slave con- 
figuration. No off-chip cache tag coherency or 
snoop invalidation logic is needed. Thus, the 
SnoopTAG dramatically reduces part count and 
board space while simplifying design. Additionally, 
the snoop invalidation protocol is transparent to the 
system, thereby enhancing system performance. 


As another example, should an application call for 
the cache tag directory to have a 4K address index, 
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Figure 11. Duplicate TAGRAM Cache Example 
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16 bit tag data field, and two to four status bits, the 
SnoopTAG can reduce design complexity even 
further. Storage of status bits requires an additional 
external SRAM within the cache subsystem (op- 
tional BIRORT SRAM shown in Figure 11). By using 
the COMPARE 6 option in the master/slave con- 
figuration, the MK45180 SnoopTAG provides the 


Figure 12. SnoopTAG Cache Example 
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4K address index, 16 tag data bits, cache tag 
coherency and snoop invalidation protocol, and the 
needed SRAM storage for the status bits. Again, 
the SnoopTAG saves part count, power consump- 
tion, board space, simplifies design, and thereby 
reduces cost. 
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CONCLUSION 


The MK45180 SnoopTAG from SGS-THOMSON 
Microelectronics is an industry first to provide an 
alternate solution to multi-processor system 
designs implementing local processor cache 
storage with a shared global memory and common 
I/O bus. The SnoopTAG has an on-board snoop 
invalidation protocol providing a cache coherency 
method that eliminates the possibility of invalid or 
stale data being accessed by the local processor. 
The Master/Slave combination provides the ability 
to cache a 32-bit address bus by implementing a 
4K address index and a 20 bit tag field (including 
parity). In addition, the MK45180 has a Compare 
6 option to provide four status bits outputs during 
compare cycles. The  Master/Slave expansion 
combination with the COMP6 input of the Slave 
device tied low provides a cache tag directory of 
4K x 16 tag bits with 4K x 4 status bits for both 
ports. 
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When compared to the conventional duplicate 
cache tag directory designs, the MK45180 
provides a way to decrease device count and 
power consumption, while increasing system per- 
formance by eliminating duplicate tag storage 
coherency logic and snoop invalidation overhead. 
The MK45180 not only simplifies design, but has 
provisions to cache a 32-bit address bus with only 
two devices. Application examples include high- 
end workstations, PCs, minicomputers, graphics 
computers and laser printers. 


With the introduction of SGS-THOMSON’s 4K x 10 
SnoopTAG, implementing cache coherency in 
either uni-processor or multi-processor environ- 
ments has been simplified. The MK45180 
SnoopTAG uses SGS-THOMSON’s flagship 
HCMOS4 process technology implementing a fast 
match compare access time on both ports. Itis TTL 
compatible on all dynamic inputs and outputs, and 
is the newest member ofthe fast TAGRAM family. 
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APPLICATION NOTE 


UNDERSTANDING CACHE MEMORY SYSTEMS 


INTRODUCTION 


Each new generation of microprocessors on the 
market has become faster and faster. Today, 
microprocessors, such as the Intel 486 and the 
Motorola 68030 have cycle times of 25 ns and plan 
to go faster in the future. The speed of DRAM main 
memory in such microprocessor-based systems 
has not come close to matching these cycle times. 
For example, it is quite common to use a DRAM 
with a cycle time of 100ns with an Intel 486 micro- 
processor. The resultant difference in cycle times 
between the microprocessor and DRAM means 
that the microprocessor cannot operate at full 
speed, because it must perform “wait states” during 
memory cycles. Wait states seriously reduce sys- 
tem throughput and performance. 


Cache memories are used to increase system 
throughput by reducing these microprocessor wait 
states. A cache system is a small, fast access 
SRAM bank, capable of single cycle accesses, 
which resides between the microprocessor and 
DRAM. The cache contains a copy of a block of 
DRAM memory which is frequently accessed by the 
microprocessor. By putting frequently accessed 
memory in the fast cache memory, the micropro- 
cessor can receive data from the cache instead of 
the slow DRAM during memory cycles. The DRAM 
only supplies data to the microprocessor when the 
cache memory does not have the needed data. In 
this way, using a cache subsystem reduces micro- 
processor wait states. 


Figure 1: CACHE SUB-SYSTEM Block Diagram 
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The theory works because most software code and 
data is contiguously stored in memory, and ac- 
cessed repeatedly; therefore, the principals of tem- 
poral and spatial locality can be applied. The 
principal of temporal locality dictates that informa- 
tion currently being used by the microprocessor is 
likely to be used again in the near future. The 
principal of spatial locality dictates that the informa- 
tion to be used during the next memory cycle is 
likely to be close to the addresses of the information 
previously used by the microprocessor. Thus tem- 
poral locality is related to timing and spatial locality 
is related to actual physical location. According to 
these principles, there is a greater likelihood the 
microprocessor will find requested data in the 
cache memory and avoid wait-states. 


ELEMENTS OF A CACHE SUBSYSTEM 


The cache subsystem resides between the micro- 
processor and main memory and is comprised of 
three elements: the data cache, the cache tag 
buffer, and the cache control logic. The data cache 
contains the copy of prefetched data from the 
DRAM. The cache tag buffer or TAGRAM™ stores 
addresses for each corresponding entry, also 
called the TAG, in the data cache. The cache 
control logic interfaces with the microprocessor and 
controls all read/write operations between the pro- 
cessor, main memory, and cache memory. The 
block diagram in Figure 1 shows how these ele- 
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ments interact with one another, the microproces- 
sor, and the DRAM. 


THEORY OF OPERATION 


In order to better understand how a typical cache 
subsystem works, lets look at the operation of a 
direct mapped cache. In a direct mapped cache, 
each data cache location is mapped to one main 
memory location as shown in Figure 2 below. 


Cache Miss 


Upon power-up, all locations in the data cache are 
set to zero. When the microprocessor initiates its 
first read cycle, the upper bits of the address bus 
are compared with the address bits stored in the 
TAGRAM. For this first compare, there will not be 
a match since the data cache is empty and the 
TAGRAM has no corresponding addresses. This is 
called a cache miss, and the MATCH output on the 
TAGRAM will be a logic zero. In this case, the 
required data will have to come from DRAM. The 
cache controller signals the DRAM to provide the 
requested data and directs the microprocessor to 
execute wait states until it receives data. When 
there is a cache miss, the controller also initiates 
logic which insures the data cache will be updated 
with a copy of DRAM data. 


Cache Hit 


The next time the microprocessor performs a read 
cycle to the same address, the data cache will 


Figure 2: Direct Mapped Cache Organization 
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contain the needed data since the data cache has 
been updated to reflect what is inthe DRAM. Again, 
the address inputs to the TAGRAM are compared 
with the address bits stored in the TAGRAM. If 
there is a match, this is called a “hit” condition. The 
comparator inside the TAGRAM will output a logic 
1 on the MATCH output for a hit condition. A 
MATCH output of logic 1 means that the data 
contained in the data cache at this location is valid. 
The cache control logic will gate the data immedi- 
ately onto the data bus and signal the microproces- 
sor to complete its memory cycle. This happens so 
quickly that the microprocessor never has to ex- 
ecute a wait state. 


An Example ... 


Consider your friendly local television repairman. 
When he is dispatched to your residence, he carries 
only those parts which are most often required for 
repair. It would be impractical for him to bring every 
part that might possibly be needed; that would be 
tantamount to transporting the entire inventory of 
parts from the shop to your home! 


The repairman checks his list of parts and, if the 
required part is on the list, he fetches it from the 
truck. Since most repair jobs can be performed with 
those parts in the truck, it is likely your television set 
will be repaired immediately. However, if the re- 
quired part is not in the truck, it will have to be 
fetched from warehouse inventory. Since this part 
broke in your television set, there is a greater 
chance of it needing to be replaced than previously 
thought. Hence, when the repairman goes to the 
warehouse, he selects two of the needed parts: one 
to repair your television set and the other to put in 
his truck. This increases the likelihood that you will 
not have to wait on a part if your television breaks 
again. 


CACHE SUBSYSTEM PERFORMANCE 


The performance of any cache subsystem can be 
measured by its hit rate. The hit rate is the percent- 
age of memory cycles which can be completed 
using data from cache instead of data from the 
slower DRAM. For purposes of this discussion, we 
will talk about the cache performance of direct 
mapped caches. Acache hit occurs when the data 
cache has data requested by the microprocessor 
during a memory cycle. The microprocessor will 
receive data from the data cache and will avoid the 
wait states it would have incurred waiting on the 
DRAM. Therefore, the higher the hit rate, the more 
time the microprocessor spends working from fast 
cache memory and system performance is en- 
hanced. 
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A hit rate of about 80% is common for a 64K byte 
direct mapped cache ina PC. This means that the 
microprocessor can operate with no wait states 
80% of the time. 


Hit Rate Versus Organization 


Hit rate, for the same size cache memory, can be 
increased by varying the organization of the cache 
subsystem. Besides direct mapped, there are set 
associative cache organizations which achieve 
higher hit rates. 2-way and 4-way set associative 
caches are the most commonly used. The 2-way 
set associative cache is divided into two separate 
banks of memory. The 4-way set associative cache 
is very similar to the 2-way except that it has four 
banks. Figure 3 shows a typical 2-way set associ- 
ative memory. The 2-way set associative system 
contains two TAGRAM banks, two data cache 
banks, and the control logic. Also, unlike the direct 
mapped cache, it has a_LRU (Least Recently Used) 
memory. This is a small memory used by the 
control logic to determine which of the two memory 
banks should be updated next after a “miss”. The 
memory bank that was not read last, the least 
recently used, is updated to match main memory. 


As mentioned above, the hit rate for a 64K byte 
direct mapped cache in a PC environment is about 
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80%. For a 64K byte system, the 2-way set asso- 
ciative memory has a hit rate of approximately 94% 
and the 4-way set associative is only slightly higher 
with a hit rate of approximately 98%. The perfor- 
mance increase of a set associative cache should 
be weighed against its higher cost. The increase in 
performance from the direct mapped organization 
to the 2-way set associative organization is sub- 
stantial: from 80% to 94%. On the other hand, there 
is a relatively small performance increase of the 
4-way set associative over the 2-way set associa- 
tive cache (94% to 98%). Moreover, 4-way set 
associative caches generally are much more ex- 
pensive than 2-way set associative caches. Figure 
4 shows typical hit rates for direct mapped and set 
associative organizations. 


CACHE EXPANSION 


Cache expansion allows the designer to construct 
wider and deeper caches subsystems while work- 
ing with readily available and relatively inexpensive 
parts. There are basically two types of cache ex- 
pansion: width expansion and depth expansion. 
Below, Figure 5 shows width expansion and Figure 
6 shows depth expansion using SGS-THOMSON 
parts. 


Figure 3: 2-Way Set Associative CACHE Origanization 
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Figure 4: Hit Rate Versus Set Associativity 
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Width Expansion 


Width expansion allows the designer to cache a 
larger section of main memory as shown in Figure 
5. The data bus is widened by increasing the num- 
ber of data cache RAMs; in the figure, four 4K x 4 
SRAMs are used to increase the width of the data 
bus from 4 to 16 bits. The correct number of data 
cache RAMs is determined by dividing the width of 
the desired data bus by the width of the data cache 
RAMs. In this instance, 16 divided by 4 yields 4 
data cache RAMs. Similarly, the address bus can 
be expanded to a wider size by increasing the 
number of TAGRAMs. Figure 5 shows how three 
MK41S80 4K x 4 TAGRAMSs are used to increase 
the width of the address bus from 16 to 24 bits. By 
utilizing width expansion, the same devices can be 
reconfigured to adjust for the different bus widths 
required by various microprocessors. 


Depth Expansion 


Depth expansion differs from width expansion in 
that it increases the actual depth of the cache. 
Cache depth expansion is accomplished by dupli- 
cating the TAGRAM and the data cache SRAM as 
shown in Figure 6. In this example, the cache size 


was doubled from 8K x 16 to 16K x 16 by adding 
copies of the MK48S74 TAGRAM as well as copies 
of the data caches. The upper bits of the address 
bus are used to provide chip enable selection for 
the added components. Notice that adding copies 
of the TAGRAM and the data cache did not expand 
the bus width; it only increased the size of the cache 
as awhole. Increasing depth of the cache improves 
the hit rate, because you are expanding the address 
map and increasing the likelihood of finding re- 
quested data in the cache. 


SUMMARY 


Cache memories provide the means for dramati- 
cally improving microprocessor-based system per- 
formance in a cost effective way. 

Using SGS-THOMSON TAGRAMs and SRAMs 
gives the designer the tools needed to significantly 
increase system throughput by minimizing wait 
states. Several factors, such as cache organization 
and size, determine cache effectiveness and must 
be weighed against system objectives to determine 
the most cost effective solution. SGS-THOMSON 
features a full line of TAGRAMs of varying organiz- 
ation and size that empowers the designer to design 
the right cache to fit individual system needs. 
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Figure 6: Width Expansion for TAGRAMs and Data Caches 
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Figure 5: Depth Expansion for TAGRAMs and Data Caches 


D 
2x 
MK48S74 
MATCH 
7 D 
A 


MK48S74 


TAGRAMS DATA CACHES 


COMPOSITE 
MATCH OUTPUT 


fy, SGS-THOMSON 9/6 
Vf, sera dnd ae 


AN402 


LIST OF TERMS 


Associativity. Cache organization where main 
memory addresses are mapped to different SETs 
of SRAM banks. 


Cache. Fast, local memory containing a copy of 
frequently used main memory code and data. 
Cache Hit. Microprocessor requested data is found 
in the cache. 

Cache Miss. Microprocessor requested data is not 
found in the cache. 

DRAM. Dynamic Random Access Memory. 

Data Cache RAM. Portion of cache that stores 
copies of main memory data. 

Direct Mapped. Type of cache organization in 
which each data cache location is mapped to one 
main memory location. 


Hit Rate. Percentage of memory requests that are 
cache hits. 


Least Recently Used (LRU). Cache update policy. 
Used in set associative caches to update the oldest 
memory bank. 


Set Associative. Type of cache organization in 
which the cache sub-system is divided into memory 
banks which cache different sections of main mem- 
ory. 

Spatial Locality. Programs usually request data or 
instructions with main memory addresses close to 
the address of the data currently being used. 


SRAM. Static Random Access Memory 


TAGRAM. Portion of cache that stores the main 
memory addresses of data stored in the data cache 
RAM. 


Temporal Locality. Information currently being 
used is likely to be used again in the near future. 


6/6 fz SGS-THOMSO 
ee ar ee a esa a aaa ST, Sera adele 


1136 


QUALITY NOTES 


1137 


AY, BiGoneomomes 


QUALITY NOTE 


MEMORY PRODUCTS QUALITY PROGRAM 


The Corporate quality program of SGS-THOMSON 
is published as the SURE (Semiconductor Users 
Reliability Evaluation) Program. The quality pro- 
gram for memory products follows closely this Pro- 
gram. Described here are the particular controls 
that apply specifically to memories starting with the 
Lot Acceptance and AOQ assessment and fol- 
lowed by the program for memory product qualifi- 
cation, an indication of the the manufacturing SPC 
(Statistical Process Controls) and the Short and 
Long term reliability tests. 


Lot Acceptance 


The role of a final Lot Acceptance sampling has 
changed from that of lot acceptance - although this 
still applies - more to the collection of statistical data 
about the outgoing quality, and the monitoring of 
the quality to the target defectivity in Parts Per 
Milion (ppm). 


The Average Outgoing Quality (AOQ) is estimated 
from the results of Lot Acceptance testing. The 
measure developed by and used by SGS- 


Table 1. Finished Product Acceptance 


PAL | Visual and mechanical | Visual and mechanical inspection = 


Table 2. Qualification 


QN100/0692 


Minimum Acceptance 


A2+A3+A4 Cumulative electrical and inoperative mechanical failures a 


1 Wafer Fabrication Major Tests selected to control the parameters that are affected by the change, 
Changes varying from the design or mask set to the fabrication plant. 
Tests selected to control the parameters that are affected by the change, 
pesenibly Major efanges varying from package material changes to the assembly plant. 
bei a Tests selected to control the parameters depending on the type of 
Product Qualification package and whether the die is new or already qualified. 


THOMSON for the AOQ is known as the Average 
Outgoing Quality Estimator and is given by: 


Total Defective units in sample, with d <c + 1 
Total inspected units in samples of accepted lots 


Where d = number of defects in sample, c = accept- 
ance number. The totals are those of ALL lots 
inspected (1st, 2nd, etc controls). 


This AOQGE converges towards the real AOQ as the 
number of sampled lots increases, even though an 
acceptance number of zero is used. 


Memort Product Qualification/Major Changes 


Memory Product qualification is made on new 
memory products, new die designs and new pack- 
ages and existing products when there are major 
changes to the design or manufacturing. 


The tests performed depend on the parameters 
affected by a major change or the qualification of 
combinations of new die designs and new Plastic 
or Ceramic packages. 


The tests performed are selected as appropriate 
from those listed in Tables 3 through 6. 
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Table 3. Product Qualification, Ceramic Packages - Package Related Tests 


sea ease 
Physical Dimensions 2016 Published Data 


Fine Leak 1014 Test Condition A1 


& 


Gross Leak 1014 Test Condition C1 


eel Internal Water Vapour 1018 5000 ppm (max) 
7 
~ JLCC, LCCC Packages CECC 90,000 | 215°C, 3sec, Precondition Dry Air 150°C, 16hrs 


Solderability: 
i ge Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 
Lead Integrity 2004 Test Condition B2 
Resistance to Soldering Heat Eg 260°C, 10sec 


Thermal Shock —55 to 125°C, 15 cycles 


— FDIP Package 2003 245°C, 5sec, Precondition Steam, 1hr 


Temperature Cycling —65 to 150°C, 100 cycles 


Moisture Resistance 


—10 to 65°C, RH = 90% 


Test Condition A1 


Fine Leak 


Test Condition C1 


Gross Leak 


Mechanical Shock Test Condition B 


Vibration Variable Frequency Test Condition A 


Constant Acceleration Teat Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 


Temperature Cycling —65 to 150°C, 10 cycles 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 
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Table 4. Product Qualification, Plastic Packages - Package Related Tests 


— ony 


2016 Published Data 


Physical Dimansions 


Coplanarity PLCC, PSOJ & JLCC 
Packages 


4 


Solderability: 


Published Data 


— PSO, PSOJ & PLCC Packages CECC 90,000 | 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 


— PDIP package 245°C, 5sec, Precondition Steam, 8hrs 


Salt Atmosphere 1009 Test Condition A, 35°C, 24hrs 
Lead.Integrity 2004 Test Condition B2 


Resistance to Soldering Heat: 


— PSO, PSOJ & PLCC Packages 
— PDIP Package 


215°C, 40sec 


260°C, 10sec 


Resistance to Surface Mounting: 


Temperature Humidity: 85°C, RH = 85% 


— PSO Package 24hrs 


— PLCC & PSOJ Packages 48hrs 


Solder Dipping: 


— PSO Package 260°C, 10sec 


— PLCC & PSOJ Packages 215°C, 120sec 


Visual Inspection Body Cracks 


Pressure Pot 121°C, 2Atm, 168hrs 
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Table 5. Product Qualification, Ceramic Packages - Die Related Tests 


soo ‘hase | __ Teco 
Operating Life Test 1005 140°C, Vcc = 5 to 7V, 500hrs 
Operating Life Test 1005 125°C, Vcc = 5.5V, 1000hrs 
Retention Bake (EPROM) 1008 250°C, 500hrs 
| 


Ts [Beers oschage fants ‘| 00a eo nov nin) 


’ Current Injection 200mA (min), 


Table 6. Product Qualification, Plastic Packages - Die Related Tests 


sor ‘tise 
Operating Life Test 1005 140°C, Vcc = 5 to 7V, 500hrs 
Operating Life Test 1005 125°C, Vcc = 5.5V, 1000hrs 
Retention Bake (OTP, EEPROM) 1008 150°C, 1000hrs 


Write/Erase Cycling (EEPROM, 
Temperature, Humidity, Bias CECC 90,000 seth ca = 85%, Voc = 5.5V, 


ae Temperature Cycling 1010 —40 to 150°C, 1000 cycles 


: : Current Injection 200mA (min), 
SotErortesing Sram) =| | 
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Statistical Process Control 


One of the most powerfull tools implemented 
throughout the production of memory products is 
SPC. The final goal of the SPC program is to bring 
each critical step of the process to “6 Sigma” capa- 
bility (Cp = 2). Current controls are at Cp and Cpk 
1.33. For example, in a typical wafer processing 
line more than 200 variables may be controlled for 
SPC. Data is gathered and analysed by on-line 
computers and provides up-to-the minute control 
charts (eg X, R charts). The critical process steps 
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are defined by FMEA (Failure Mode and Effects 
Analysis). 


A selection of the most important SPC steps and 
the Cp and Cpk results is regularly available and 
can help customers to avoid the costly qualification 
of new products when the products come from a 
qualified design and a manufacturing process that 
is demonstrated to be under control. 


The Table 7 and Table 8 show some typical SPC 
results from both wafer fabrication and assembly 
processes. 


Table 7. Statistical Process Control, Wafer Fabrication, CMOS EPROM (1.2 micron) 


4 Interpoly Oxide Thickness 


Intermediate Dielectric 


Sars 
| 1.60 | 168 | 185 


CPK 
1.81 

2.42 
1.65 


Table 8. Statistical Process Control, Ceramic Package Assembly EPROM 


Solderability 


3 
Lead Plating Thickness 
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Short Term Reliability Testing Reliability tests are performed on a lot-by-lot or 
In order to provide a rapid feedback on product weekly basis. These are summarised in Table 9 and 
reliability to manufacturing, a series of Short Term Table 10. 


Table 9. Short Term Reliability Tests, Ceramic Packages 


Subgroup Test Procedure jority Test Conditions 
1 Thermal Shock 1011 —55 to 125°C, 60 cycles 
Retention Bake (EPROM) | 180°C, 72hrs 


Resistance to Solvents 2015 4 Solvent Solutions 
Physical Dimensions 2016 Published Data 
ae Lead Integrity 2004 Test Condition B2 , 


Hermeticity: 


| 
Solderability 2003 245°C, 5sec, Precondition Steam, 1hr 


— Fine Leak Test Condition A1 


— Gross Leak Test Condition Ci 


Table 10. Short Term Reliability Tests, Plastic Packages 


— me 


Temperature Cycling 1010 —40 to 150°C, 100 cycles 


Write/Erase Cycles (EEPROM & . 
FLASH) i Published Data 


Solderability: 


— PSO, PSOJ & PLCC Packages | CECC 90,000 | 215°C, 3sec, Precondition Dry Air, 150°C, 16hrs 


— PDIP Package 2003 245°C, 5sec, Precondition Steam, 8hrs 


[revert | «aC 2am vee 
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Long Term Reliability Testing products. Sampling is made either monthly, 3 or 6 
Long Term Reliability tests are performed to pro- SU SS pe on the ie performed. Table 
vide evidence of the life time reliability of memory ‘11. and Table 12 summarise the tests. 


Table 11. Long Term Reliability Tests, Ceramic Packages 


MIL-STD-883 
Subgroup Test Procedure Test Conditions 


Operating Life 1005 125°C, Vcc = 5 to 6V, 1000hrs 


Retention Bake (EPROM) 250°C, 500hrs 


Thermal Shock 


—55 to 125°C, 15cycles 


Temperature Cycling 


—65 to 150°C, 100cycles 


Moisture Resistance —10 to 65°C, RH = 90%, 10 cycles of 24hrs 


Fine Leak Test Condition A‘ 


Gross Leak 


Test Condition C1 


Mechanical Shock Test Condition B 


Vibration Variable Frequency Test Condition A 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 


Temperature Cycling —65 to 150°C, 10 cycles 


Constant Acceleration Test Condition E 


Fine Leak Test Condition A1 


Gross Leak Test Condition C1 
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Table 12. Long Term Reliability Tests, Plastic Packages 


"naa 


Conclusion tion, combined with clear design rules and a well 


SGS-THOMSON believes that the extensive atten- designed technology base, give the Company a 
tion given to process control and product evalua- World class overall quality rating. 
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TECHNICAL ARTICLE 


Special cell design gives highest 


EEPROM endurance 


Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 


The substantial market that exists for small serial 
EEPROM memories differs sharply from most 
other branches of the memory market in that, by 
definition, neither the access time nor the memory 
density are particularly important parameters. In- 
stead, designers focus on the endurance and data 
retention of the products, that is, how many times 
can a cell be erased and re-written and how long 
can it store data? 


Endurance and data retention are each limited by 
physical factors inherent in the storage mecha- 


Figure 1. 


nism. In the case of data retention, it is the loss of 
stored charge through leakage current, while the 
finite Erase/Write endurance is the result of the 
physical damage that is actually done to the mem- 
ory cell whenever new data is written to it. These 
two aspects of EEPROM products are directly in- 
fluenced by the manufacturing process, especially 
the way in which the tunnel oxide layer is formed 
and subsequently treated. 


As shown in Figure 1, the simplest EEPROM cell 
is essentially an enhancement mode MOSFET with 
two gates. One gate, known as the control gate, is 
connected to the Read/Write control circuitry via 
the usual matrix of address lines. The other, known 


SIMPLE EEPROM CELL 
Cell, Threshold Shift and Tunneling 


CONTROL GATE 


— FLOATING GATE 


SOURCE 


Simple Cell Cross Section 


June 1994 


No charge 
on gate 


Negative charge 
on gate 


Threshold Shift 


Current 
Density 


7 8 9 10 Electric field 


Tunneling Effect 
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as the floating gate, is located between the control 
gate and the MOSFET channel and is isolated from 
both by insulating layers of silicon dioxide. The 
floating gate is usually made from conducting poly- 
silicon but sometimes an insulating silicon nitride 
floating gate is used. 


When a positive voltage is applied to the control 
gate, electrons are attracted towards the gate insu- 
lation from the body of the device. If the gate 
voltage is high enough, electrons will outnumber 
holes in the channel, so that the MOSFET will turn 
on and conduct current. However, any negative 
charge stored on the floating gate will tend to repel 
electrons from the channel, so that a higher positive 
voltage on the control gate will be required to invert 
the channel. 


In fact, EPROM, EEPROM and FLASH memories 
all exploit the ability of a charged floating gate to 
change the threshold voltage of a MOSFET but 
there are major differences in the way that each 
type of memory charges and discharges the float- 
ing gate. In the case of an EEPROM, electrons are 
moved to and from the floating gate by tunnelling, 
a quantum-mechanical phenomenon that depends 
on a sufficiently high potential difference being 
applied across a thin insulating barrier. FLASH 
memories also use tunnelling to discharge the 
floating gate but, like EPROMs, use hot channel 
electrons to charge the floating gate. 


Obtaining a tunnelling current large enough to 
charge up the floating gate in an acceptable time 
requires a thin oxide layer and a high applied 
voltage; typically, the oxide layer is less than 100A 
thick and the applied voltage is 20V. Unfortunately, 
every time a high voltage is applied across the 
tunnel oxide, some deterioration in the integrity of 
the oxide layer occurs, with electron traps created 
within the oxide itself. As the trapped electrons are 
closer to the channel than those on the floating 
gate, they have a stronger influence on the thresh- 
old voltage. Eventually, the charge trapped in the 
oxide layer will be sufficient to mask the effect of 
the charge on the floating gate, making it impossi- 
ble to clear the memory cell. Depending on the 
nature, thickness and quality of the insulating layer, 
typical endurances can range from around 100 to 
several million cycles. 


Perhaps the most obvious way to minimise the 
damage to the tunnel oxide layer is to reduce the 
strength of electric field applied across the oxide 
layer during erasure. Unfortunately, the tunnel cur- 
rent density is an exponential function of the ap- 
plied field, so a small reduction in applied voltage 
gives rise to a large increase in the time required 
to discharge the floating gate. This technique has 
been used to improve the endurance of flash mem- 
ories because a cell erase time of, say, one second 
means a total device erase time of one second. For 
a 1K serial EEPROM configured as 128 x 8, how- 
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ever, increasing the typical cell programming time 
from 10ms to one second cell erase time gives a 
device erase time of more than two minutes, which 
is quite unacceptable. For EEPROM, therefore, 
there is a trade-off between endurance and erase 
time and the practical limit for guaranteed endur- 
ance has tended to be 100,000 Erase/Write cycles. 


There is, of course, no limit on read cycles because 
a cell is read by sensing channel current rather than 
moving electrons to or from the floating gate. How- 
ever, stored charge will inevitably leak away from 
the floating gate, either to the control gate or to the 
drain/channel/source area, so the MOSFET 
threshold will gradually be reduced until the point 
when the stored data is lost. EEPROM cells are 
typically able to store data for more than ten years, 
which is usually substantially longer than the appli- 
cation requires. 


The majority of EEPROM manufacturers use the 
FLOTOX structure, which is derived from Figure 1 
by extending the two gates over the drain region, 
as shown in Figure 2. The oxide thickness is re- 
duced over the drain region to enable tunnelling to 
take place. To load electrons onto the floating gate, 
a high positive voltage is applied to the control gate. 
This induces a high positive voltage on the floating 
gate and electrons tunnel from the drain to the 
floating gate. To erase the cell, the applied voltage 
is reversed and electrons tunnel back to the drain. 


This is a relatively simple scheme that yields a 
compact cell some 3-4 times the size of an EPROM 
cell, although small cell size is not a particularly 
important advantage in these products. The rela- 
tively thick oxide layer that surrounds most of the 
floating gate gives good data retention. The prob- 
lem with this structure is that endurance depends 
critically on the integrity of the thin tunnel oxide 
layer which is deposited fairly early in the process- 
ing cycle. This means that subsequent processing 
steps to lay down the polysilicon floating gate, 
another oxide layer and then the metal or poly- 
silicon control gate can thermally stress the thin 
tunnel oxide and give rise to electron traps. Typical 
endurance figures for this structure are 10,000 or 
100,000 cycles. 


Two alternatives to the FLOTOX structure are cur- 
rently used. One is the MNOS structure, which is 
essentially the structure shown in Figure 1 except 
that the floating gate is made from silicon nitride. 
Although silicon nitride is an insulator, it contains 
electron traps and is capable of storing charge. 
However, because electrons cannot move freely 
through the floating gate, they must tunnel to spe- 
cific trap sites dispersed throughout the nitride 
layer. This effectively increases the thickness of the 
insulating barrier, which means that the actual 
oxide layer must be very thin. As with the FLOTOX 
structure, electron traps in the tunnel oxide layer 
degrade the storage capability. 


MSON 


Soma 


1150 


TA102 


Figure 2. 


FLOTOX CELL, OPERATION 
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To load the MNOS cell, a high voltage is applied to 
the control gate and electrons tunnel from the 
p-well in the substrate to the traps in the floating 
gate. To erase the cell, the control gate is grounded 
and the positive voltage is applied to the p-well, 
causing tunnelling in the reverse direction. 


The main problem with MNOS is that it requires an 
ultra-thin tunnel layer, which makes processing 
expecially critical and gives relatively high degra- 
dation. The main interest in MNOS is due to the 
simple gate arrangement that offers easier scaling 
for future high density memories. The second alter- 
native to FLOTOX is the special cell structure de- 
veloped by SGS-THOMSON and shown 
schematically in Figure 3. Here, the polysilicon 
floating gate extends over three separate areas: 
the program area (P) where the thin tunnel oxide is 
located, the control area (C) where the floating gate 
crosses the diffused program line, and the read 
transistor gate (R). To charge up the floating gate, 
the program line is taken to 17V, capacitive cou- 
pling causes a voltage of about 12V to be induced 
on the floating gate and electrons then tunnel 
across the oxide layer from the n+ diffusion. To 
discharge the floating gate, the program line is 
grounded and the n+ diffusion is taken to 17V via 
the select transistor (S). 


The most important difference between this cell 
structure and the conventional FLOTOX or MNOS 
structures is the elimination of the vertically stacked 


Figure 4. 


gates. Instead, the program line, which effectively 
replaces the control gate, lies alongside the bit line. 
This diffusion is performed before the thin tunnel 
oxide layer is formed and the subsequent process 
steps have a low thermal budget and do not dam- 
age this layer. 


In addition, the CMOS processes used for 
EEPROM production at SGS-THOMSON are rela- 
tively simple but very reliable 1.5 and 1.2 micron 
processes that use a single polysilicon layer for the 
floating gates and a single metal layer for the 
interconnects. The use of a simple, proven process 
coupled with the use of lateral contro! structures 
makes it easier to achieve a tunnel! oxide of consis- 
tently high quality. The advantage of this approach 
is dramatically illustrated by the resulting endur- 
ance at least 1,000,000 Erase/Write cycles guar- 
anteed immediately, with 2-3,000,000 cycles in 
the near future. 


Redundancy 


Like any memory device, an EEPROM is only as 
reliable as its weakest cell and even the highest 
quality oxide layers are subject to occasional ran- 
dom defects. If a device fails because of wearout 
of a random weak cell, it does not matter whether 
the remaining cells would have withstood another 
100 or another 1,000,000 cycles. To ensure that 
such random failures do not cancel out the advan- 
tages of the lateral control structure, SGS- 
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THOMSON’s EPROMs employ full dual-cell redun- 
dancy. 


As shown in Figure 4, two storage transistors are 
provided for each bit in the memory array. The two 
transistors, which have independant floating gates, 
are connected in parallel, with a common control 
line and a single select transistor. 


For sensing, the cell reference current is obtained 
by connecting in parallel a virgin cell (always un- 
loaded) and a cell with the floating gate connected 
to the drain, equivalent to a short circuit in the 
tunnel oxide. This current is compared with the 
combined current through the two storage transis- 
tors in the logical cell. When the two cells are 
unloaded, the combined current is greater than the 
reference current. The circuit is designed so that, if 
one of the memory cells becomes broken (tunnel 
oxide short circuit), the combined current with the 
good cell unloaded still exceeds the reference cur- 
rent. In this way, amemory bit can be correctly read 
even if one of the storage cells is faulty. Note that 
this technique does not extend the endurance of 
the cells but rather ensures that the endurance of 
the whole array is determined by the average cell 
endurance instead of the weakest cell endurance. 


Accelerated life test results 


The superiority of this EEPROM technology has 
been confirmed by high temperature testing. For 


Figure 5. 


example, Figure 5 shows the results of a high 
temperature bake test of data retention. the activa- 
tion energy for the failure mechanism is 0.6eV, so 
one hour at 150°C is therefore equivalent to 117 
hours at 55°C. A 1000 hours bake is thus equivalent 
to 13 years continuous operation at 55°C. No fail- 
ures were encountered in the 21 lots (671 devices) 
sampled. At a 60% confidence level, this is equal 
to a failure rate of 10 FIT at 55°C. 


Even more impressive are the results of the two 
endurance tests, summarised in Figure 6. The first 
test was a Straightforward sequence of 1,000,000 
Erase/Write cycles and no failures occurred in any 
of the 36,575 devices tested. The second test 
consisted of 1,000,000 Erase/Write cycles followed 
by a 168 hours bake at 150°C (equivalent to more 
than two years operation at 55°C), followed by 
2,000,000 further cycles and then another 16 hours 
bake at 150°C. On the basis of these tests, a quality 
level of better than 150ppm can be assured for 
1,000,000 cycles performance with better than 
99.5% confidence level. 


To assure this performance, a sample from every 
lot manufactured is submitted to a 1,000,000 cycle 
test. A reserved test instruction allows all memory 
cells to be erased and written in parallel, so the test 
is performed very quickly. Lots are cycled at the 
maximum specified frequency, with a 10ms wait 
between write and erase instructions. 


RETENTION 
Q &R Results EEPROM 


1 hour at 150 deg. C = 117 hours at 55 deg. C, Ea = 0.6eV 


CMOS MF3 - 150 deg. C 


Lots 168hrs 


21 0/921 


504hrs 1000hrs 


0/921 0/671 


60% CONFIDENCE, FR = 10 FIT/55 deg. C 
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Figure 6. 


ENDURANCE 
Erase/Write Cycles, EEPROM 


TEST 1: 1,000,000 cycles 


TEST 2: 1,000,000 cycles, 168hrs at 150 deg. C (= 2yrs at 55 deg. C) 
3,000,000 cycles, 168hrs at 150 deg. C 


CMOS-MF3 TEST 1 


Lots 1M cycles 


475 0/36575 


1M cycles + Bake 


TEST 2 


3M cycles + Bake 


0/1095 0/870 


1,000,000 Erase/Write cycles GUARANTEED to 150ppm with 99.5% confidence. 


Currently, the range of serial EEPROM devices 
designed with the new cell structure and built with 
the high reliability CMOS-MF3 (1.5) or CMOS- 
MF4 (1.211) processes covers two quasi-standard 
bus interfaces (I°C and Microwire) and array sizes 
up to 4K, with 8K, 16K and 32K devices in devel- 
opment. In addition to devices that operate from the 
standard 5V power supply, there are types (e.g. the 
4K ST25C04) which can operate with supply volt- 
ages as low as 2.5V, making them particularly 
useful in mobile communications equipment. Op- 
eration at 2.5V is possible because the devices 
contain a charge pump capable of generating 25V 


from a 2.5V rail. This is stabilised to 17V for the 
memory array, resulting in an actual voltage applied 
to the tunnel oxide of about 12V. The charge pump 
operates almost continuously at 2.5V ; at higher 
supply voltages, it operates in bursts sufficient to 
maintain the required current. 


The 1,000,000 cycle performance and future pros- 
pects of 2-3,000,000 cycles, is opening up new 
potential uses for EEPROMs. For example as num- 
ber and redial memories in Telephone sets - an 
application previously met only by SRAMs with 
battery back-up. 
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TECHNICAL ARTICLE 


EPROM as a technology leader 


Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 


Over the last few years EPROMs (Electrically Pro- 
grammable Read Only Memories) have become 
the overwhelming technology of choice for those 
applications requiring non-volatile semiconductor 
memory. Developments of the EPROM towards 
FLASH technology - FLASH memories are electri- 
cally programmable like EPROM and electrically 
eraseable - will not detract from the cost effective- 
ness or adoption of EPROM. Many microprocessor 
systems have stable code and data storage re- 
quirements that are unlikely to need frequent field 
changes that justify the use of FLASH devices. But 
manufacturers wish to continue to have the flexibil- 
ity to implement upgrades during manufacturing 
and so do not chose the most cost effective solution 
which is the mask programed ROM. 


Recent developments in systems such as work- 
stations using 32 bit microprocessors or printers 
offering a large choice of fonts and offering Post- 
script, require higher density and higher speed 
performance EPROMs. 


The trend, shown in Figure 1, shows that the den- 
sity of EPROMs has quadrupled every three years 
in the last decade. Improved performances, in par- 
ticular access time and programming time, have 
been achieved, even with an increase in chip size 
for every successive generation. This rapid evolu- 
tion has been achieved mainly because of the 
typical self-aligned, stacked cell, shown in the SEM 
photograph of Figure 2, with its ability to be scaled 
down, together with the supporting technologies 
and improvements in photolithography. 


An EPROM cell consists of a single transistor 
whose threshold voltage is modified during pro- 
gramming by the injection of hot channel electrons 
on to its floating gate. To erase the EPROM, ultra- 
violet light is used to excite these electrons over the 
oxide barrier. 


July 1991 


In developing higher densities which demand very 
high performance dielectrics and high voltage ar- 
chitectures, EPROMs have been the technology 
drivers which have resulted in many other products, 
for example microprocessors which include on the 
same chip many types of memory, RAM, ROM and 
EPROM or EEPROM. 


The key points for multi-megabit EPROM technol- 
ogy are: 


— Compactness: the possibility to reduce chip 
dimensions and cost. 


— Speed: better device performance including 
both faster access time and reduced pro- 
gramming and test times. 


— Reliability: good retention characteristics. 


— Manufacturability: that is an overall valuation 
of the critical points of the process architecture 
and technology steps. For example for the pro- 
cess architecture the sensitivity to variations in 
the process technology parameters, or for the 
technology steps the suitability to meet 
defectivity targets. 


Compactness 


The EPROM technology trend beyond 1 Megabit 
size is shown in Table 1. The scaling factor is about 
0.75 for each generation. To have some idea of the 
meaning of squeezing the memory cell area, con- 
sider that every three generations the EPROM cell 
fits in the contact hole area of its great grandfather: 
contact size was 9 um the 64K bit generation and 
4 um? in the 256K bit; the 4 Megabit cell, at9 pum? 

fits the contact hole area of the 64K device and the 
4 um? cell of the 16 Megabit fits the contact hole of 
the 256K. Consequent layout rules have become 
more and more aggressive, stressing the role of 
photolithographic development. 


Scaling down dimensions, taking into account the 
high voltage needed for programming, imposes the 
need for improvements of active and passive par- 
asitic elements. As the process complexity in- 
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creases the equipment requisites in terms of pro- 
cess control are more severe due also to the adop- 
tion of larger wafer sizes. 


From an economical point of view, redesign in a 
new technology of previous memory sizes reduces 
costs and increases profitability of products that 
have already reached maturity in the market. 


Speed 


It becomes more difficult to achieve higher speeds 
in terms of access time as memory capacity in- 
creases, because an increase in chip size pro- 
duces an increase in wiring capacitance and wiring 
resistance. A typical scenario is the technology 
scaling factor of 0.75 for a new generation, but an 
increase of complexity by a factor of 4. Bit line delay 
is proportional to single bit parasitic capacitance 
(the bit line resistance is neglected since it is a 
metal interconnect). This means that increasing the 
number of bits by 2 and reducing the single bit 
parasitic capacitance by 0.75, the bit line delay 
increases by 1.5 times. In the other direction the 
word line delay is proportional to the single bit 
parasitic RC time constant (in this case the resis- 
tance cannot be ignored as the interconnect of the 


Figure 1. Chip size and access time 


Chip size(mm sq) 


Access time 


Chip size 


word line is polysilicon covered by silicide) times 
the square of the number of cells in the minimum 
decoded array. This means, for the same example, 
an increase of the word line delay by a factor of 3. 


Despite these inherent difficulties a high speed can 
be realized, as was shown in Figure 1, mainly by 
not increasing the size of the decoded array, which 
means increasing the area occupied by the decod- 
ers and as a consequence the overall chip area. 
Access times will eventually reach a limit as shown 
by the forecast for the 16 Megabit in Figure 1. 


In the future we can expect that EPROM technol- 
ogy will divide so that large memory capacity ori- 
ented architectures will co-exist with high speed 
orientated ones. More aggressive high density 
EPROM cell designs are being evaluated to allow 
rectagularization of the array with long bit lines and 
short word lines. 


EPROM cell design also affects speed, high mem- 
ory cell current in reading and fast programming 
time are the main issues to trade off against the 
parasitic effects. In the 4 Megabit generation the 
typical memory cell in writing conditions ensures 
more than 3 Volts threshold shift after less than 
10 us programming time. 


Access time (ns) 


64k 256k 1Meg  4Meg 16Meg 64Meg 


1980 1983 1986 1989 1992 1995 
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Reliability 


EPROMs display excellent non-volatile character- 
istics, with the ability to retain their programed 
contents for over ten years, typically twenty. This is 
accomplished by storing electrons on a floating 
polysilicon gate. Because a typical EPROM has of 
the order of 100,000 electrons stored on its floating 
gate, it is sensitive to leakage currents through the 
oxide as low as 10°°° Amps, this is equivalent to a 
leakage of less than 10 electrons per day! 


Data retention is not only determined by the leak- 
age mechanism but also by charge sharing by 
mobile positive charges. A positive charge density 
of 10'@ion/cm? attracted near the floating gate can 
destroy the information stored in that bit. This 
means that only 10 ppb of ionic contamination into 
the passivation layers could affect data retention. 


Other key reliability failure modes, such as elec- 
tromigration, hot electrons, oxide wearout, etc have 
to be evaluated in the severe environment of high 
programming voltage and high temperatures used 
for the bake tests (at 250 °C) used to ensure data 
retention. 


However due to the introduction of new oxide for- 
mation steps, device structures such as LDD 
(Lightly Doped Drain) and other technological inno- 
vations, reliability has reached a very high level. 


The technological step evolutions for the 1 Megabit 
EPROM and beyond are shown in Table 2. Each 
star represents a technology or device innovation 
with respect to the previous generation. It is import- 
ant to note that new photolithography has to be 
introduced in every new generation. Key points in 
the evolution are the improved interpoly dielectrics 


Table 1. EPROM Technology trend 
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to improve data retention, barrier layer metal to 
improve contact resistance and reliability, as well 
as poly-silicide gates and LDD transistors to im- 
prove speed and high voltage handling. 


Manufacturability 


Four important curves bound a region in which an 
EPROM cell must operate to give good overall 
performance over a spread of manufacturing vari- 
ations. These are shown in Figure 3. 


The curve A at the bottom plots the gate length 
against the drain voltage which achieves a 3V 
threshold shift with a writing time of 15 microsec- 
onds and a typical applied gate voltage of 11.5 
Volts. These values represent the typical good 
writing performance for a 4 Megabit memory cell. 


Curve B is a limitation set by the need to have a 
reading current high enough to meet the access 
time speed targets for the memory. Longer gate 
lengths give lower currents. 


Curve C is the limit imposed by the gate breakdown 
voltage and by an effect known as “drain turn-on” 
in which the leakage of unselected memory cells 
on the bit line causes a voltage drop and degrada- 
tion of the programming characteristics. Remaining 
below curve C ensures that a cell with 10nA leak- 
age has a good performance. 


Snap back must be avoided because the high 
substrate currents it causes can lead to latch up in 
CMOS devices and consequent device damage. A 
minimum drain voltage is required to avoid snap 
back, this is shown as curve D. 
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Table 2. EPROM Technology evolution 
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Note: * indicates a technology or device innovation compared to the previous generation. 


Figure 2. 4 Megabit EPROM cell 
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Figure 3. Cell working area, 4 Megabit EPROM (cell 9m?) 
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Figure 4. Defectivity targets, 1 Megabit to 16 Megabit EPROM 
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Manufacturability (cont'd) 


These four curves define a region within which 
good EPROM cell performance may be obtained. 
Manufacturing neccessities require that the good 
behavior be guaranteed in spite of spreads in the 
writing drain voltage and gate length variations. 
The curves define a rectangular area shown in 
Figure 3, which represents a Cell suitable for man- 
ufacturing. For a drain voltage of 6.1 Volts + 300 
millivolts the cell performances are well above the 
acceptable limits over a wide range of cell gate 
lengths, centered around 0.8 microns. 


In addition there are two other limits shown in 
Figure 3, curves E and F. These are for soft writing 
and soft erase. Cells with short gate lengths can be 
affected by protracted reading operations which 
cause unwanted writing of the cell. Unwanted era- 
sure can also occur at higher drain voltages. 


An issue associated with technology scaling which 
puts continued pressure on yield and reliability is 
the technology sensitivity to smaller and smaller 
defects. As device geometry is scaled, defects that 
may not have had much impact on manufacturabil- 
ity of earlier chips can now cause yield loss and 
affect chip reliability. 


Defectivity targets for each process step are calcu- 
lated and technology is tuned to meet these spec- 
ifications. The defectivity targets for the main 


critical layers of the construction are shown in 
Figure 4. Defects are shown per kilometer, fora 150 
mm wafer, for example the average length of the 
metal interconnect is about 2 Km. 


The targets are achieved by improvements in tech- 
nology steps through the elimination of process 
excursions as well as continuously tightening the 
“normal variation”. The use of in-line SPC monitors 
plays a big role in the qualification and manufactur- 
ing of new technologies. 


Conclusion 


Three main considerations have increased the in- 
terest in EPROM technology: first the increase in 
the use of EPROMs as non-volatile memories, 
second the need for leading edge submicron pro- 
cesses to meet targets of speed and density, and 
finally the EPROM technology skill that has re- 
sulted in improved process control methodologies, 
automation and manufacturing science to meet 
defectivity and reliability targets. For the future 
these form an excellent basis for the continued 
development of higher density EPROMs and the 
newer FLASH MEMORY products. 


With acknowledgements to G. CRISENZA, whose 
inputs were the basis for this article. 
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Fast access time non-volatile memory 


ZEROPOWER solution 


Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 


Memories are one of the most important semicon- 
ductor products in the whole spectrum of devices 
made today, they are fundamental in all systems 
that process or store information. The variety of 
memory products produced is very broad, but they 
can be broken down into two major families - 
volatile and non-volatile memories. Volatile memo- 
ries are those types that loose their stored contents 
when the power is removed, while non-volatile 
memories are able to retain the stored data without 
external power applied. 


Figure 1. Family tree of memory types 


VOLATILE 


DRAM SRAM 


July 1991 


Volatile Memories 


Typical of the volatile family are the DRAM and the 
standard SRAM types, products which have me- 
dium to fast access times for both reading and 
writing (10-200ns) and medium to high storage 
Capacities (in regular production up to 4 Megabit 
for DRAM or 1 Megabit for SRAM). DRAMs store 
their information bits by a charge on a small capac- 
itor, which must be continuously refreshed to pre- 
vent charge decay with subsequent loss of the 
data. SRAMs use a simple ‘flip-flop’ circuit to store 
data, the state of which will be lost if power is 
removed, even momentarily, from the circuit. 


Battery-Backed 


ZEROPOWER 
TIMEKEEPER 


1/5 
1161 


TA107 


Non-volatile memories 


There are more varieties of non-volatile mem-ory 
products. The simplest is the mask pro-gramed 
ROM which has read access times of 80-200ns but 
must be “written” at the manufac-turing stage by a 
custom program mask. 


The most widely used non-volatile memory is the 
EPROM. This memory can be programed electri- 
cally, taking 10us to 100us per byte, and erased by 
exposure to UV light for about 20 minutes. The read 
access time is however compatible with DRAMs, in 
addition some high speed EPROM products offer 
fast 55-80 ns read access times. EPROMs store 
the mem-ory content by holding an electron charge 
on a floating gate in a dual gate transistor cell, 
devices up to 4 Megabit are in full production. 


The EEPROM also stores its contents by charge 
on a floating gate in the same way as an EPROM, 
but can be written and erased electrically, byte-by- 
byte. Access times are similar or a little slower than 
an EPROM. EEPROMs however are limited in size 
due to the higher circuit complexity needed for byte 
erase and the size of the cell in the design, products 
up to 1 Megabit are available, with smaller sizes up 
to 16K having serial I/O bus access. 


A relatively new development is the FLASH mem- 
ory, this is a variation on the ERROM/EEPROM, 
able to be programed byte-by-byte like an EPROM, 
but erased electrically in bulk (ie, in a flash). The 
information is stored as a charge on a floating gate. 
The mechanism for loading the charge on the 


floating gate is like the EPROM (hot electrons) but 
for charge removal it is like the EEPROM (tunnel- 
ing). Write and erase times are slow (milliseconds 
to seconds) but read access times are similar to 
EPROM. Future developments of the FLASH 
memory seem likely to take over a part of the ROM 
and the EPROM markets, and to stimulate new 
uses for semiconductor memory, for example the 
replacement of the floppy disk. 


System needs 


In many of today’s applications, non-volatile mem- 
ories are required which provide fast read, write 
and erase access times and retain their contents 
reliably when the power supply ts removed. In 
addition the memory must be protected from false 
write operations at times when the system power 
supply is outside the specification limits. When the 


_ supply is completely removed the memory must 


switch its operation to a non-volatile storage mode. 


Non of the traditional non-volatile memories 
(EPROM-FLASH-EEPROM) offer fast write times, 
all requiring milliseconds rather than nanoseconds 
to store a byte of data. FLASH memories have a 
very slow “in-system” speed as they must be pro- 
grammed and erased, an operation requiring sec- 
onds, before they can be re-written. Memories 
types like the EPROM, FLASH and EEPROM 
which use charge storage also have a limited 
erase/write cycle life, ranging from 100 or so cycles 
for an EPROM, 1000 to 10,000 for a FLASH and 
up to 1,000,000 for the best EEPROMs. 


Table 1. Access times of memory types, and data storage method 


Memory 


EEPROM 


FLASH 


EPROM 


ROM 


ZEROPOWER 


TIMEKEEPER 
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70 - 150ns 


10 - 200ns 


100 - 200ns 


100 - 200ns 


80 - 250ns 


< 100ns 


100 - 150ns 


100 - 150ns 


70 - 150ns 
10 - 200ns 
5 - 20ms 
10 - 100us 
10 - 100us 
100 - 150ns 


100 - 150ns 


Storage Method 


Charge on capacitor 
“flip flop” circuit 

Charge on floating gate 
Charge on floating gate 


Charge on floating gate 


Masked in production 


SRAM with battery back-up 


SRAM with battery back-up 


Ly7 Boonen 


For these reasons designers have frequently re- 
sorted to using SRAM products and providing a 
battery and switch over circuits as a solution. The 
complexity of the discrete circuits needed to imple- 
ment these functions reliably can become costly, 
both in design time, in PC board area and compo- 
nents. Moreover many standard SRAMs are not 
designed for very low power standby consumption, 
meaning either that a bigger and more expensive 
battery must be used, or that a shorter life time 
between battery replacements must be accepted. 


ZEROPOWER and TIMEKEEPER memories 


A solution to the need for long life, non-volatile 
memory with fast read, write and erase times 
is the ZEROPOWER range of SGS- THOMSON 
Microelectronics. These products function exactly 
like astandard SRAM with 100 - 150 ns access time 
when power is applied. But switch over to battery 
maintained operation when the external power is 
removed. They are specially designed to have ultra 
low standby current consumption to give long bat- 
tery life. 


Incorporated on the same chip as the SRAM is a 
circuit to detect power failure at an accurate trip 
voltage, this circuit write protects the memory when 
the power falls below the system specification level. 
At a lower voltage it activates a chang-over from 
external supply to battery back-up for the SRAM. 


The construction of the ZEROPOWER prod-ucts is 
a standard DIP package for the SRAM with a 
“top-hat” mounted above which contains the bat- 
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tery. Thus providing a pin compatible, plug in re- 
placement for a standard SRAM. The pin-out is the 
JEDEC standard for SRAM, closely matching also 
that of EPROM and EEPROM products. 


Two sizes of ZEROPOWER memory are available, 
the MK48Z02 offering 2K bytes of memory and the 
MK482Z08 with 8K bytes of SRAM. When external 
power is applied these memories provide SRAM 
performance with read and write access times of 
100-150 ns. 


The external supply is constantly monitored and if 
it falls below the power fail threshold, the 
ZEROPOWER will automatically power-fail de- 
select, thus write protecting itself. The detection 
window for the power fail deselect (PFD) is accu- 
rately controlled, and the prod-ucts are offered in 
two versions suitable for systems with supplies of 
an accuracy of 5% or 10%. The voltages for PFD 
are 4.75-4.5V or 4.5-4.2V. 


At a lower voltage of Vcc, around 3V, the SRAM is 
switched over to battery power to maintain its con- 
tents. In order to provide a monitor of the battery 
state, its voltage is checked when external power 
is re-applied and rises to the switch over point. If 
the battery voltage was too low a warning flag bit 
is set and can be checked by the software after 
power up. This flag therefore indicates that the 
memory contents could be unreliable. 


One of the major concerns in non-volatile memory 
systems is the retention life of the memory. Typical 
EPROM or EEPROM products offer 10 year data 
retention. For a battery backed SRAM the retention 


Table 2. Pros and Cons of EPROM, FLASH and EEPROM 


FLASH 
EEPROM 


- 


Electrical erase in circuit 


Electrical erase byte-by-byte 


1,000,000 cycle endurance 


Disadvantage 


Very slow erase 


Slow write time 
100 cycle endurance 


Bulk erase only 


Slow write time 


10,000 cycle endurance 


Slow write time 


High cost 
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depends on the battery characteristics. The life of 
the battery is controlled by the temperature and 
almost independent of the percentage of time the 
ZEROPOWER device spends in battery back-up 
mode. From the results obtained in nearly 10 years 
of testing of battery performance, SGS-THOMSON 
is able to guarantee a battery life of more than 11 
years, worst case, at the maximum operating tem- 
perature of 70 deg C. This is equivalent to nearly 
200 years at room temperature. 


Memory plus Real Time Clock 


Another non-volatile memory product family using 
the same ZEROPOWER technology are the 
TIMEKEEPERs. These provide both a battery 
backed SRAM with power fail deselect and back-up 
operation, plus a Real Time Clock. 


A special, very low power, 32,768Hz oscillator is 
incorporated in the chip design, together with a 
clock divider chain. The time from the clock is 
copied once per second into registers which are 


part of the SRAM address space. The user can 
therefore read the time, coded in BCD, as year, 
month, day, date, hour, minute and second. The 
clock automatically corrects for months with 28 to 
31 days, and forleap years. The crystal forthe clock 
oscillator is built into the “top-hat” mounted above 
the device dual-in-line package. 


The time may be set by software and the calibration 
of the clock can also be made by software program- 
ming, as an ‘advance’ or ’retard’ count of the clock 
divider chain. 


The MK48T02 provides a 2K byte SRAM and the 
more advanced MK48T08 an 8K SRAM capacity. 
The MK48T02 clock crystal has an accuracy of 
+/-35 ppm, giving an accuracy of +/-1.53 minutes 
per month, worst case, typically it is better than +/-1 
min/mth. Digital calibration can be made up to +/-63 
ppm or +/-5.35 sec/mth. 


The MK48T08 provides a memory capacity of 8K 
bytes and has an extended calibration range of 
+5.5 or -2.7 minutes per month. 


Figure 2. Exploded view of TIMEKEEPER construction 
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Crystal for 
TIMEKEEPER Devices 


Battery life 


The life of the battery forthe TIMEKEEPER devices 
depends on the current consumption of the clock 
oscillator and divider chain. The MK48T02 requires 
1.2us but the MK48T08 has an ultra low power 
circuit consuming only 445 nA. The life expectancy 
for the battery of the MK48T02 running continu- 
ously in battery back-up mode is 3.5 years, and 
over 10 years for the MK48T08. 


The ZEROPOWER and TIMEKEEPER devices 
have found applications in many areas, from Fax 
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and Copy machines where they provide time infor- 
mation and store phone numbers or service/usage 
data, to the recent Paris-Dakar rally where TIME- 
KEEPER devices were used to provide accurate 
timing for the navigation computers. 


They provide an economic solution to the need for 
non-volatile memory with SRAM read and write 
speed performance, saving design time and many 
discrete components. All the products are single 
chip designs offering the highest possible reliability. 
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Built-in reliability for 10 FITs performance 
on EPROM and FLASH MEMORY 


Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 


Floating gate memories have better reliability than 
SRAMs or DRAMs because they are less sensitive 
both to breakdown of the oxide layers at low volt- 
ages and to soft errors. In addition floating gate 
memories are designed to operate at the high 
voltages needed for programming and are tested 
at these voltages during production as a screen to 
ensure good oxide integrity. Whereas the oxides of 
SRAM or DRAM products are thinner and cannot 
be tested with high voltage to screen oxide integrity. 


Floating gate memories, with an oxide barrier 
height of 3.2eV, have an almost infinite capability 
for charge storage, even at high temperatures. The 
number of carriers generated by an alpha particle 
passing through the thin oxide of the floating gate 
is very small compared with those generated in the 
silicon substrate. Thus the effect of an alpha par- 
ticle on the memory’s stored data is small for a 
floating gate memory compared to that for a volatile 
memory where the data is stored on a node con- 
nected to part of the circuit diffused in the substrate. 


Failure rate for floating gate memories is deter- 
mined mainly by defect density of the technology. 
Quality of dielectrics is the key issue in their relia- 
bility, both for data retention in time and for endur- 
ance during repeated programming and erasure. 
Retention is affected by conduction at low electric 
fields and endurance by wearout of the oxides due 
to repeated high field tunneling. 


Device Structure 


Both EPROM and FLASH MEMORY use a 
“stacked gate cell’, that is a cell design with a 
floating gate and a control gate directly above the 
n-channel of the MOS transistor. Both EPROM and 
FLASH MEMORY are programmed by channel 
hot-electron injection, the EPROM is erased by a 
photoelectric effect caused by exposure to UV light 


November 1991 


and the FLASH MEMORY is erased by tunneling 
through a thin gate oxide. 


The memory cell structure is a T-shaped layout, see 
Figure 1. The cell size is determined horizontally by 
the metal line pitch and vertically by the source line 
width, source line to word line space, gate length, 
gate to contact distance and contact size. The 
actual dimensions of the latest 4 Megabit EPROM 
memory are a cell size of 2.0 x 2.1 microns. The 
cross sections of the cell in two directions are also 
shown in Figure 2 and Figure 3. The arsenic doped 
source and drain junctions are self aligned to the 
gate and are symetrical for the EPROM, while a 
phosphorous diffusion is added to the source of the 
FLASH MEMORY to create a tunnel region and 
allow high voltage to be applied for erasure. Aboron 
dose is usually implanted in the channel to increase 
programming efficiency by enhancing electron 
multiplication. 


FLASH MEMORY and EPROM cells are pro- 
grammed by applying positive voltage pulses to the 
control gate and the drain. EPROM erasure is 
made by along period of UV light exposure. FLASH 
MEMORY cell erasure is made by first programm- 
ing all cells, then applying a high voltage to the 
source to cause electrons to tunnel from the float- 
ing gate through the thin oxide area overlapping the 
source. During the erase operation the drain is 
floating to prevent a Jarge channel current. 


When a charge is loaded on the floating gate the 
threshold voltage of the enhancement mode tran- 
sistor increases. The threshold increase is equal to 
the charge loaded divided by the total capacitance 
of the floating gate (to the control gate, source, 
substrate and drain). The voltage on the floating 
gate depends on the charge, the voltages on the 
other electrodes and the capacitive coupling be- 
tween the gate and these electrodes. The electric 
field stresses on the thin oxide and the interpoly 
oxide depend on the applied voltages and the 
charge on the floating gate. 
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Figure 1. Layout of a T-shaped stacked gate cell 
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Figure 2. Vertical cross-section 
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RETENTION 


Retention is a measure of the integrity of the stored 
data, held as a charge on the floating gate. It 
measures the time between programming and a 
fault in reading the data value. The data may be 
lost due to either charge loss or gain and due to 
intrinsic or defect related mechanisms. In addition 
during programming some stresses may affect 
data retention. 


Programming 


There are three main stress conditions that can 
occur when programming the array: DC Erase, 
Program Disturb and DC Program. These affect 
memory cells sharing a common gate (word line) 
oracommon drain (bit line) as shown by the section 
of the memory array circuit in Figure 4. These 
programming stresses affect both the manufac- 
turers production yield due to failures at programm- 
ing verification, but also field reliability after 
prolonged reading cycles. Important design 
choices of the reading and programming voltages 
minimize these effects. 


Typical programming voltages of 7V on the bit line 
(BL) and 12V on the word line (WL) are shown. 


Figure 3. Horizontal cross-section 


DC Erase 


With the bias conditions shown in Figure 4, the 
previously programmed cell A is affected by DC 
Erase due to a high gate stress which results in 
charge loss from the floating gate. It occurs when 
another cell (eg B) on the same word line is pro- 
grammed by applying a high gate voltage to the 
word line. Cell Asees this high voltage on its second 
poly word line while its drain bit line is held at OV. 
A high electric field occurs across the interpoly 
oxide, large enough to cause tunneling, a loss of 
charge on the floating gate and lowering of the 
programmed threshold voltage of the cell. Asimilar 
effect could occur during reading of the memory 
array, and so the same defect could be induced by 
prolonged read cycling. The potential diagram for 
this condition is shown in Figure 5. As a test screen- 
ing method the DC Erase can be used to test the 
quality of the interpoly dielectric. 


Program Disturb 


Program Disturb affects cell D of Figure 4 and is 
due to a high voltage on the drain while the gate 
and source are at OV. this results in drain stress 
shown in the potential diagram of Figure 6 when 
programming bits on the same bit line. 
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Figure 4. Memory array showing stress conditions resulting from programming 


BL = Bit Line (Metal), WL = Word Line (Poly) 


Figure 5. Potential diagram for gate stress on a programmed cell 
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Figure 6. Potential diagrams for drain stress on a programmed cell 
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Figure 7. Potential diagram for gate stress on an erased cell 
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Inthe EPROM the electric field causes holes gener- 
ated in the substrate to collect on the floating gate. 
In the FLASH MEMORY it causes electrons to 
tunnel from the floating gate to the drain. For evalu- 
ation purposes this stress may be used to assess 
the quality of the gate oxide of the EPROM or tunnel 
oxide of the FLASH MEMORY. 


DC Program 


DC Program affects the previously unprogrammed 
cell C of Figure 4 and is due to a high voltage on 
the gate with the source and drain at OV, causing a 
gate stress on the erased cell. The potential diag- 
ram is shown in Figure 7. 


A high voltage on the word line causes electron 
tunneling from the substrate to the floating gate, 
mainly on FLASH MEMORY products, and in- 
creases the cell threshold voltage. Again a similar 
effect could occur during extended read cycles. 


The effects of these three cell programming factors 
are a pattern sensitivity which must be checked by 
proper production screening, and the reduction in 
Vth of stored logic levels which affects overall 
reliability and which depends on design choices. 


Charge Losses 


Intrinsic related charge loss. There are two 
charge loss mechanisms, intrinsic and defect re- 


lated. Charge transfer due to intrinsic mechanisms 
is minimal and the retention time for a defect free 
cell is thousands of years. 


However two conduction processes occur in die- 
lectrics leading to intrinsic leakage current: tunnel- 
ing and thermionic emission. Because of the very 
low voltage of the floating gate due to its stored 
charge and self capacitance, the tunneling leakage 
current does not produce any significant charge 
loss in tens of years. At high temperatures the 
thermionic emission could cause charge loss. The 
potential diagram for a programmed cell is shown 
in Figure 8. For acell with a barrier height of larger 
than 1eV, tests at 250 degC show intrinsic retention 
of many months, equivalent to a huge number of 
years at normal temperatures. 


But some charge loss is observed with 250 degC 
bake tests as shown by the decrease in the thre- 
shold voltage of a cell with time in Figure 9. 


The lost charge seems to be a fixed amount which 
is a small percentage of the stored charge. The 
charge loss rate decreases with the time of the 
bake and does not depend on cell layout. One 
reason for this is the release of electrons trapped 
in the interpoly and gate oxides during a previous 
UV erase. 


Figure 8. Potential diagram for a programmed cell 
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Another is seen in cells using ONO (Oxide - Nitride 
- Oxide) dielectric due to carrier movements in the 
Nitride, electrons moving to the Oxide-Nitride inter- 
faces and leakage through the thin oxides. Three 
mechanisms correspond to three different phases 
of the curve of Figure 9. 


The fast initial threshold change is due to carrier 
movementin the Nitride or polarisation effects. The 
second phase is caused by electrons, injected into 
the nitride during programming, moving from the 
bottom O-N to the top N-O interface. The third 
phase is a long term charge loss of electrons 
leaking through the top thin Oxide.Improvements 
inthe passivation and the use of gettering are being 
used to provide a solution to the intrinsic charge 
losses. 


Defect releated charge loss. Defect related 
charge loss is due to structual or statistical defects. 
These affect the infant mortality or the wearout of 
the memory. Burn-in can screen for the structural 
defects by activating failures which can be sub- 
sequently detected by a 100% electrical test. How- 
ever random wearout defects limit most the 
retention of the memory, these are defect related 
charge losses caused by latent failures degrading, 
enhanced by temperature. 
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Two processes cause statistical defects, electrons 
escaping the floating gate and ionic effects. Elec- 
tron escape typically causes single bit failure ran- 
domly throughout the memory array. lonic 
processes, due to contamination, affect spot areas 
which are not well protected from environmental 
contamination - for example holes in the final passi- 
vation layer. 


Single bit charge loss due to electron escape is 
probably the most important failure mode in an 
EPROM as shown by life tests. Figure 8 and Figure 
9 show the reading current distribution of 4 Megabit 
EPROM cells after programming and after 1000 
hours at 250°C, with the array specially pro- 
grammed to easily detect any increase in cell cur- 
rent and so monitor the charge loss. The histogram 
has very little shift, but a single bit moves away from 
the distribution and fails. 


The defect may be in the interpoly or gate oxide 
and can be found by making stress tests on pro- 
grammed or erased cells - a charge gain on an 
erased cell indicates a gate oxide failure, a charge 
loss on a programmed cell indicates an interploy 
dielectric failure. 


Figure 9. Threshold shift for an EPROM Cell (ONO) with 250°C bake 
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Figure 10. 4Meg EPROM cell reading current distribution after programming 


Number of bits 


10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 


Cell Current (uA) 


Figure 11. 4Meg EPROM cell reading current distribution after a bake at 250°C 
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The leakage current of gate oxide failures show a 
linear dependance on electric field, while it shows 
an exponential relationship for tunnel oxide and 
interpoly oxide defects. The temperature depend- 
ance displays an activation energy of 0.6eV for 
gate and interpoly oxides and 0.25eV or less for 
tunnel oxide. The activation energy for ONO inter- 
poly dielectric is 0.8eV. Figure 10 and Figure 11 
show the temperature dependance of the failure 
times for gate oxide and ONO. 


The leakage of the gate oxide is due to hopping 
conduction. The tunnel oxide leakage is very simi- 
lar to actual tunneling, during erasure, of the 
FLASH MEMORY. Charge loss when ONO dielec- 
tric is used is associated with poor quality of the 
bottom oxide but is also affected by the relative 
thicknesses of the oxide and nitride layers. So 
many mechanisms come into play that the defect 
related charge loss is not a fixed amount but de- 
pends on the nature and position of the defect itself. 


lonic processes are mostly due to defects such as 
pin holes in the final passivation or intermediate 
dielelectric which allow mobile ions to diffuse into 
the array. These ions compensate the charge on 
the floating gate and move the threshold voltage of 
the cell. lonic contamination can be detected by a 
sequence of high temperature bake, programming, 
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UV erasure and baking again. The charge loss after 
the first bake due to the electric field of the stored 
negaitve charge, and the charge gain after the 
second bake due to ion concentration gradient, 
cause a localized region around the pin hole defect 
to rapidly fail. The activation energy of these types 
of defects is 1.2 to 1.8eV. 


ENDURANCE 


Successive program and erase cycles cause pro- 
gressive damage to the thin oxide under the float- 
ing gate of non-volatile memories. The current in 
the oxide creates traps and damage proportional 
to the charge density passing through. The result 
of the trapped charges is that the stored charge on 
the floating gate has a reduced effect and the 
threshold change between a programmed and an 
erased cell narrows as shown in Figure 14. 


The endurance is defined as the maximum number 
of cycles that the memory can withstand before the 
threshold shift is so small that the bit(s) fail. The 
intrinsic wearout is due to charge trapping in the 
thin oxide, whereas oxide breakdown of the tunnel 
or gate oxide is caused by a defect related failure. 
FLASH MEMORY have an additional failure mech- 
anism due to hole trapping in the thin oxide. 


Figure 12. Temperature dependence of failure time for bits with gate oxide defects 
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Figure 13. Temperature dependence of failure time for bits with ONO interpoly defects 
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Figure14. FLASH MEMORY programmed and erased threshold voltage versus P/E cycles 
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Intrinsic endurance is due to trapping of a small 
amount of the charges flowing through the thin 
oxide, it is proportional to the square of the oxide 
thickness and affects a textured poly’s oxide more 
than a thin oxide. It has an activation energy of 
-O.1eV due to thermal de-trapping during pro- 
gram/erase cycles. 


Defect related endurance is an entirely random 
process of the breakdown of the thin oxide. The 
breakdown is gradual rather than sudden, and 
irreversible. Breakdown can occur also in the mem- 
ory decoding circuits due to the high voltages re- 
quired for program and erase. Atypical defect seen 
is row or column failure. 


Since the endurance performance is due to the thin 
oxide defects, the memory endurance is propor- 
tional to the memory size. However the construc- 
tion of the cell, see Figure 1, greatly improves the 
FLASH MEMORY endurance so allowing high den- 
sity memories with an endurance of a large number 
of program/erase cycles. The first reason for this 
is the smaller area of the tunnel oxide with this 
construction using floating gate and source over- 
lap, as opposed to a construction where the tunnel 
oxide is defined by amask. The secondis the better 
intrinsic quality of the tunnel oxide grown over a 
region of lighter doping of the source. Finally in the 
FLASH MEMORY the longer, lower voltage erase 
pulses give a lower stress to the oxide. Figure 14 
shows the performance of the FLASH MEMORY 
cell up to 100,000 program/erase cycles. 


SCREENING AND LIFE TESTS 


Accelerated life tests are used for reliability assess- 
ment. The data retention failure mechanisms are 
temperature dependant and the most important 
accelerating factors are known. Failure analysis 
techniques are advanced and can identify the spe- 
cific failures. Table 1 shows the activation energies 
for common data loss mechanisms. 


Built-in Reliability 


The current approach is to build-in reliability to 
acheive acceptable failure rates for future floating 
gate memories. The approach is to understand all 
the reasons for failure instead of just predicting the 
time-to-failure. The reliability is assured by control 
of the manufacturing process and environment. 


Effectiveness and cost considerations support this 
approach: As technological complexity increases 
and dimensions scale down failure analysis 
becomes less and less practical. Ahuge number of 
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Table 1. Activation energies for common 
data loss 


Failure Mode 


0.36 eV 
1.2to 1.3 eV 


tee 


devices have to be tested to demonstrate a relia- 
bility goal of 10 FITs. Longer test times of high 
density memories are becoming too costly or even 
not feasible. 


Oxide Breakdown 
Oxide Defects 
Intrinsic Charge Loss 


Intrinsic Charge Loss 
for ONO 


lonic Contamination 


Cycling Induced 
Charge Loss 


All manufacturing aspects have to be controlled, for 
example the cleanliness of quartzware, the ana- 
lysis of oxidation ambient or the control of particles 
due to each process and equipment. In line moni- 
tors have to be used to control process variations. 


Many process variables can be correlated to each 
reliability failure mechanism, a fishbone diagram 
illustrates this dependance. Figure 15 shows a 
tentative diagram for data retention in EPROM 
products. The input variables of this diagram can be 
divided into intrinsic and defect related. 


Variation from the target values of parameters, 
used for the process characterisation, have to be 
reduced to zero to maintain the intrinsic perfor- 
mance. For example oxide thickness, floating gate 
doping and stacked gate profile are important for 
intrinsic data retention. 


Defect related failures are improved by modifying, 
updating or replacing defect generating process 
steps or equipment. Examples are ‘in-process 
charging’ or oxidation ambient. 


Ultimately the control of the process dispersions 
will yield improvements in quality and production 
yields with a reduction in reliability failures. Table 2 
shows the evolution of EPROM and FLASH MEM- 
ORY with also the target reliability FIT and quality 
AOQL. 
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Table 2. EPROM & FLASH MEMORY evolution 


| Technology 


Cell Size 


Die Size 


CONCLUSION 


EPROM data retention and FLASH MEMORY en- 
durance are the two key reliability factors for these 
non-volatile memories. Intrinsic retention failure 
mechanisms make only a small contribution to the 
failure rate, both from electronic or ionic processes. 
Floating gate memory retention is most dependant 
on defect density. The quality of the dielectrics is 
the key issue: both retention and endurance are 
features of the same dielectric. FLASH MEMORY 
endurance is limited by hole trapping and destruc- 
tive oxide breakdown during program/erase cy- 
cling. 


1990 1991 1992 — 1994 
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Anew methodology, building-in reliability, is being 
implemented to improve reliability by classifying 
and controlling the variables in the manufacturing 
process. 


Acknowledgement is given to the paper presented 
by G. CRISENZA, G. GHIDINI and M. TOSI at the 
ESSREF 91 conference in Bordeaux for the source 
material for this article. 
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TECHNICAL ARTICLE 


Trends in Non-Volatile Memories 


Antony Watts 
SGS-THOMSON Microelectronics 
Agrate, Italy 


The “silicon cycle” showed a dip in the market for 
memories in 1990 followed by a small recovery in 
1991. Forecasts up to 1995 are for a recovery with 
the total market rising to over 25 B$. 


More than half the market is for DRAM. Non-Vola- 
tile memories represent 3.5 B$ in 1991 or 26% of 
the total. The 1991 and 1995 forecasts are shown 
in Table 1. 


The relative share of the market held by ROM and 
EPROM will be eroded in favour of FLASH MEM- 


Figure 1. Memory Market 1985-1995, to M$ 


Da’aquest ard INSTAT 


November 1991 


ORY during the next 4-5 years. But FLASH MEM- 
ORY will also grow from new applications and 
replacement of a part of the DRAM market. 


The cost and functionality of the spectrum of Non- 
Volatile memories is shown in Table 2. 


The highest functionality is shown by EEPROM 
devices, both the smaller (1-16k) serial access 
types and the medium size (64k-1M) parallel prod- 
ucts have Byte Rewrite capability. The FLASH 
MEMORY, using byte programming like EPROM, 
have only block or bulk erase. The EPROM has 
only bulk erase by UV light taking minutes to cancel 
the content of the whole memory. ROMs are per- 
manently programmed at the mask level. 
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Non-Volatile memory, the Stacked Gate Cell 


EPROM and FLASH MEMORY Stacked Gate Cells 
(SGC) are n-channel transistors with the addition 
of a floating gate. Both EPROM and FLASH MEM- 
ORY are programmed by hot channel electron 
injection, but they are erased by different mechan- 
isms: the EPROM by a photoelectric effect from 
exposure to UV light, the FLASH MEMORY by 
Fowler-Nordheim tunneling through a thin gate 
oxide.The conventional SGC layout is in the form 
of a T as shown in Figure 2. Adiffused source and 
drain are covered by two polysilicon layers forming 
the floating gate and the control gate or word line. 
The metal bit line runs vertically and makes contact 
at the drain. The floating gate is isolated from the 
channel by thin oxide and from the second poly- 
silicon control gate by oxide or Oxide-Nitride-Oxide 
interpoly dielectric. During the construction the ar- 
senic doped source/drain junctions are self-aligned 
to the gate. They are symetrical in the EPROM, but 
a phosphorous doping is added to the source in the 
FLASH MEMORY cell to create the tunnel region 
and support the high voltage required. A boron 
dose is implanted in the channel to prevent punch- 
through and to increase programming efficiency by 
enhancing electron multiplication. 


The cell size, in generations up to the 4 Megabit 
EPROM, is limited in the horizontal direction by the 


metal bit line interconnect pitch. In the vertical 
direction the limit is from the source line width, the 
source line to word line space, the gate length, the 
gate to contact distance and the contact size. Tech- 
nology improvements with self aligned source 
(SAS) are implemented in the 16 Megabit genera- 
tions to reduce the cell size. 


The operation of the SGC can be understood by 
the use of a simple equivalent circuit which enables 
the floating gate voltage Vfg to be calculated. The 
total floating gate capacitance Ct is, 


Ct = Cpp+Cd+Cs+Cb 


If Cj is the capacitance of the floating gate to any 
electrode ’j’, the coupling ratio Aj = Cj/Ct, then, 


Vig = Ag*Vcg + Ad*Vd + As*Vs + Ab*Vb + Q/Ct 


and when the floating gate is loaded with an elec- 
tron charge Q, 


Change in threshold voltage = Q/Cpp 


When the cell is programmed by loading an elec- 
tron charge on the floating gate, the transistor 
threshold voltage goes up from the virgin value 
(typically 2-3V) to the programmed value (6-7V). 
The values of the coupling ratios are found exper- 
imentally, and when known can be used to provide 
an accurate simulation of the SGC MOS transistor. 


Table 1. 1991 and 1995 forecast for Non-Volatile memories 


Memory Type 


Table 2. Cost and Functionality 


Memory type Functionality 
1991 1995 
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Figure 2A. T-Shaped Stacked Gate Cell 
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Figure 2B. Cross section along source/drain 
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Figure 2C. Cross section along poly word line 
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Figure 2D. Electrical equivalent circuit 
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Programming 


Hot channel electron injection, which is discour- 
aged in normal transistors, is enhanced in the cell 
to improve the gate current Ig, or programming 
efficiency. Programming curves for an SGC are 
shown in Figure 3. The cell is programmed by 
applying positive voltage pulses to the control gate 
(11V) and the drain (6V). Curves are shown without 
and with source and drain resistances. 


The curve of Figure 4 is derived from Figure 3 and 
shows the gate current versus the floating gate 
voltage during programming. Two separate regions 
are present. In the injection limited region Vig > Vd 
the energy distribution of hot electrons is reduced 
by the low lateral electric field even though the 
vertical field is suitable for injection. The second 
region is the electrode limited region Vfg < Vd. Here 
the hot electron distribution is confined to the lateral 
field region where the potential barrier is higher. An 
important point is the knee of the curve where Vfg 
= Vd. At this point, 


Vig = Ag*Vcg + Ad*Vd - Ag*(Vt-Vt0)(t) = Vd 


where (vt-Vt0)(t) is time dependant and a critical 
parameter for the cell, ‘t’ can be considered to 
represent the programming speed of the cell. Vari- 
ations of the device parameters and applied volt- 
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ages impact on the coupling ratios of the cell and 
so on the equation. As programming speed is a key 
issue for EPROM and FLASH MEMORY all effects 
depending on the array organisation and layout 
have to be understood. As can be seen from Figure 
3, series resistance in the source and drain can 
dramatically affect programming. 


Erasure 


EPROM erasure is made by exposure to UV light. 
The electrons stored on the floating gate are ex- 
cited by incident photons and escape from the 
potential well. Erase time depends on the tranpar- 
ency of the dielectrics used, but is several minutes. 


FLASH MEMORY erasure is made by applying a 
high positive voltage pulse to the source. This 
creates a high electric field across the thin gate 
oxide and electrons tunnel from the floating gate to 
the source. During erasure the drain is left floating 
to prevent a large channel current. Some substrate 
current occurs due to band- to-band tunneling be- 
cause of the large electric field induced in the silicon 
surface, this leakage current can limit the erase 
speed and affect the endurance reliability. It can be 
avoided by the correct design organisation of the 
memory. FLASH MEMORY erase time varies from 
milliseconds to seconds. 


Figure 3. Threshold shift against programming time 
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Figure 4. Gate current against floating gate voltage during programming 
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Cell working area 


The good functionality of a cell is based not only on 
the writing efficiency, but on the robustness to 
parasitic effects and programming effects such as, 


— Drain turn-on 

— Snap back 

— Soft programming during reading 
— Soft erasure during writing 


These effects can be clearly seen in a graph of 
Drain Voltage versus Gate Length as these are the 
main variables which determine the cell electric 
fields. 


The cell working area is confined by several forbid- 
den areas of active and parasitic effects as shown 
in Figure 5: 


— 1: Programming speed 
— 2: Reading current 

— 3: Snap-back effect 

— 4: Drain turn-on 

— 5: Soft Programming 
— 6: Soft erasure 


TA110 


Within these constraints a working area for the cell 
is defined by the box shown. Manufacturing toler- 
ances must hold the cell within the limits of the box. 
The wider the box by design, the more the 
manufacturability of the memory. 


A similar diagram can be drawn for FLASH MEM- 
ORY where the disturbance of the memory during 
write is enhanced due to the thinner oxides used. 
In the FLASH MEMORY the endurance must also 
be taken into account, EPROM endurance is not a 
critical parameter and typically ranges around 100 
cycles, but FLASH MEMORY endurance must ex- 
ceed 100,000 cycles. During this life time the mem- 
ory parameters should remain with a defined 
operating area without degradation of the electrical 
characteristics. 


Scaling Down 


In semiconductor memory tecnology there is al- 
ways the constant effort to fit more memory cells 
on the wafer. EPROM density has quadrupled 
every three years - see Figure 6. 


Through the development of high performance di- 
electrics and high voltage architectures, the 


Figure 6. Evolution of EPROM density, chip size and access time 
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EPROM has served as a technology driver. The 
EPROM technologies have been adopted by many 
other products, like microprocessors with embed- 
ded (EPROM, EEPROM) memories on the chip. 


To give some idea of what the reduction of chip area 
means, every three generations the whole EPROM 
cell size is reduced so that it would fit into the 
contact area of the original generation. As the 
process complexity increases, equipment require- 
ments and process control become more severe. 
Economically however, scaling down is essential 
and allows redesign in new technologies of all sizes 
of memories, thus reducing costs and increasing 
profitability of products that have reached maturity 
on the market. 


Scaling Down rules 


Scaling down the transistor sizes, while maintain- 
ing the power supply at 5V and the capability 
handle high programming voltages, places greater 
stresses on the materials. Figure 7 shows the trend 
for scaling the gate length through the various 
generations of EPROM. 


A scaling strategy between that of constant field 
and constant voltage could be adopted. Device 
dimensions and writing voltage follow a constant 


Figure 7. Gate length versus memory size 
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field path, while reading voltage follows the con- 
stant voltage path. When the programming voltage 
is properly scaled and oxides fabricated with in- 
creased integrity, the reading voltage becomes not 
so critical. Not scaling the reading voltage in- 
creases the reading current available and thus 
speeds up access time - see Figure 8. 


The largest stresses due to electric fields occur in 
the gate oxides of the row decoder transistors 
which have to switch the high voltage during writ- 
ing. In a FLASH MEMORY cell scaling of the gate 
oxide is limited by direct tunneling, high tempera- 
ture bake retention and stress induced leakage 
current increase after repeated program/erase cy- 
cles. So a scaling that follows constant electric field 
across the gate oxide must be adopted. 


Maintaining Reliability 

Data retention is typically 20 years for a Non-Vola- 
tile memory. Aprogrammed cell has only some tens 
of thousands of electrons on the floating gate. The 
oxides surrounding the floating gate must guaran- 
tee a leakage current of only a few electrons per 
day. Both electronic and ionic processes contribute 
to the leakage current. 
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Figure 8. Scaling versus voltage 
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Figure 9. Charge loss dependance on scaling cell size 
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Electronic processes include the escape of elec- 
trons from the floating gate through oxide defects. 
This mainly affects single bits, randomly scattered 
thoughout the memory array. The dependance on 
temperature indicates an activation energy of a few 
tenths of an eV, and the leakage current is an 
exponential function of the electric field. 


lonic processes affect the data retention by screen- 
ing and compensation effects of the stored charge 
on the floating gate. Charge loss is also associated 
with alkali metal contamination. Activation energies 
found are greater than 1eV and a drift diffusion 
transport mechanism controls the mobile ion cur- 
rent. 


Scaling down the cell means that the same change 
in threshold voltage between a programmed and 
erased cell is achieved by a smaller stored charge 
on the floating gate. This makes the memory more 
sensitive to ion contamination. Figure 9 shows the 
charge loss as a function of the Control Gate - 
Floating Gate overlap, with the same interpoly and 
gate oxides. Charge loss goes up with reducing 
dimensions and decreasing phosphorous content 
of the BPSG interlevel dielectric. 


With geometry scaling, the defectivity becomes a 
dramatic issue. As an example Figure 10 shows the 
defectivity targets for the main critical layers. To 
meet these targets the technology has to be con- 
stantly tuned and process control tightened. 


Reliability failure modes, such as electromigration, 
hot electrons, etc, must be controlled in the more 
severe environment of the non-volatile memory: 
high voltage programming and high temperature 
(250°C) bake testing for data retention. 


Improving Speed 


With increasing memory density, the bit line (metal 
interconnect) and the word line (second polysilicon) 
parasitic capacitance and resistance affect the 
speed of the memory. The delay times for array 
matrix access offset the improvement in the tran- 
sistor driving capacity and cell read current. To 
achieve high speeds the memory array can be 
partitioned to reduce the minimum decoded array 
and the parasitic capacitance effects. Partitioning 
has to be paid for in terms of die size and a 
cost/performance trade off found. 


Figure 10. Defectivity targets for main critical layers 
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Improvements in process can also contribute to 
improved matrix access time, one of these is the 
use of silicide to reduce resistance of the polysilicon 
word lines. Circuit design techniques such as Ad- 
dress Transition Detection, generating an internal 
clock to gate noise effects, are necessary to avoid 
memory designs with narrow operating Vcc ranges 
or even oscillation generated by feedback to ad- 
dress inputs from the high output switching cur- 
rents - see Figure 11 and Figure 12. 


An example of two state-of-the-art memory arrays 
made with the same technology, but one emphasis- 
ing speed and the other chip size reduction, are 
shown in Figure 13. 


Figure 11. Memory delays 
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In the future it is likely that we will see a split in the 
market demand into high density architectures, 
with speed limitations, and dedicated high speed 
designs. 


Alternative cells and technologies 


As design rules shrink, reliability problems are en- 
hanced and manufacturing latitude is decreased. 
Many efforts are dedicated to finding new solutions 
to contain the increase in chips sizes and keep 
them within manufacturable limits. This can be 
achieved in two ways: innovative technology and 
alternative cell architecture. 


Access time delay of cell matrix 


Time delay from pad —» input buffer — address decode 


Time delay of sense amp —* output buffer 


External load dependant, specification is 100 pF load 


C1 Matrix delay reduced by : 


Silicide on poly word lines - reduced resistance 
Repeater amplifier in the word lines 


Matrix of maximum 512 cells per bit line - reduced capacitance 
Address Transition Detection - precharge/equalised bit lines 


: 14/15 
ky S8oeee. 


1191 


TA110 


Figure 12. Address transition detection 
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Figure 13. Two 4 Megabit EPROMs, for high speed and high density 
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SCALING CELL SIZE 


Two possible alternatives: 


1. use of innovative technologies (double metal, 
plugs, local interconnections, self alignment, 


advantage: no inpact on device organiastion 
(conventional) 


drawback: cost and risk of new complex 
process steps 


. different cell array organiastion (contactless 
virtual ground approach) 


advantage: less severe technological re- 
quirements 


drawback: new circuit solutions, unknown 
characteristics 


Improved Stacked Gate Cell designs have been 
proposed that self- align the source line, and/or the 
drain contact to the gate. The use of double metal 
interconnect is also beginning to appear on 
EPROM and FLASH MEMORY, allowing a chip 
size reduction in the peripheral circuits and a de- 
crease of the array parasitic RC delays if it is used 
for array bit or word lines. The use of refractory 
materials has been proposed for local interconnect, 
but the drawbacks of these are the cost and risk of 
increasing the process complexity. Advantages are 
that the cell concept remains unchanged and array 
design organisation is easy, keeping the same logic 
as previous generations. 


One alternative cell organisation in the array is 
known as “virtual ground”. The purpose of this is to 
save space by eliminating many contacts and align- 
ment tolerances - see Figure 14. The array is 
known as virtual ground because the source is not 
fixed and connected to ground. 


Some other cell examples are the buried bit line 
cell, the ALDS cell, the SFOX cell and the FACE 
FLASH MEMORY cell - see Figure 15. 


All these offer the advantage of a small cell size 
with more relaxed design rules than for a Stacked 
Gate Cell of the same size. The design modifica- 
tions introduced however can affect speed perfor- 
mance. Higher resistance and capacitance of 
diffused bit lines also affect speed, especially on 
FLASH MEMORY. FLASH MEMORY compatibility 
is more critical as the same bit line is used alterna- 
tively as source and drain. 
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Concerns About Virtual Ground Architectures 


— Design modifications can affect perfor- 
mance, limiting speed. 


Higher resistance and capacitance of dif- 
fused bit lines limit the reduction in contact 
number, and affect speed (particularly on 
FLASH MEMORY). 


FLASH MEMORY compatibility is more criti- 
cal, as the same bit line is alternatively 
used as source and drain. 


— Technological saving is questionable, as 
tight layout rules are required to match 
decoder pitch with reduced cell size. 


Array reduction obtained by smaller cell 
size is paritally compensated by larger de- 
coders. 


Programming disturbance to adjacent cells 
are: careful charge/discharge of array bit 
lines (circuit solution) and asymetrical cell 
(technological solution). 


The Virtual Ground type of cell design usually 
results in the cell layout that is square, rather than 
rectangular. This means it is critical to insert the 
decoders in the cell pitch or use more aggressive 
design rules in this sensitive, high voltage part of 
the circuit. 


There is also the problem of programming distur- 
bance to adjacent cells which has to be solved by 
careful charge and discharge of the bit lines or the 
use of an asymmetric cell. 


Asymmetric cells, such as ALDS (Toshiba 88) and 
the split gate cell (WSI 88), allow the use of a less 
complex decoding organisation. But such cells are 
not FLASH MEMORY compatible without adding 
extra complexity as the source is not coupled to the 
floating gate (in the case of the split-gate cell) or is 
coupled by a region of low doping (in the ALDS cell) 
which induces a voltage drop during erase.Many 
alternative cell approaches have been proposed - 
for example Toshiba three poly layer and NAND 
cells but few have been transferred into true vol- 
ume production. 


Considering speed, cost-per-bit and FLASH MENM- 
ORY compatibility, the Stacked Gate Cell with 
some innovative processing steps and the use of 
double metal is likely to remain the best in the future 
and has been adopted for the SGS-THOMSON 16 
Megabit EPROM and FLASH MEMORY develop- 
ments. 
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Figure 14. Conventional and virtual ground array 


CONVENTIONAL VIRTUAL GROUND 


BL = Bit Line (Metal), WL = Word Line (Poly) 


Figure 15. Alternative cells 
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Future emerging trends 


The versatility of FLASH MEMORY which com- 
bines electrical erase capability with EPROM den- 
sity raises the question of whether this device will 
substitute the EPROM. Direct execution of soft- 
ware stored in a FLASH MEMORY makes the 
replacement of both DRAM and disk storage pos- 
sible. 


The in-system re-programmability of the FLASH 
MEMORY shortens the time-to-market: code 
changes can be made in a short time and board 
updates done without disassembly. Executable 
software can be loaded and updated directly. This 
will stimulate a large growth in a number of appli- 
cations such as the portable, lap top computers 
where FLASH MEMORY will save both space and 
power consumption by replacing both disk and 
DRAM. 


A few years ago it seemed that EEPROM may 
reduce the EPROM market, but tunnel oxide 
defectivity, manufacturability of large memories, 
and larger cell sizes have prevented the EEPROM 
from taking over from the EPROM in cost-per-bit 
sensitive applications. 


FLASH MEMORY are now in a better position to 
revolutionise memory usage, as high density is 
achieveable and cheaper plastic packaging - com- 
pared to EPROM - can be used. Balanced against 
this are the technology and manufacturing prob- 
lems to be overcome, and the higher cost of the 
process and testing. Another constraint of the 
FLASH MEMORY is the requests for power supply 
reduction to single 5V devices: the electric field 
needed for tunneling does not scale and the tunnel 
oxide thickness itself cannot be scaled down be- 
cause of direct tunneling effects. 


TA110 


The conclusion is that EPROMs will not be entirely 
superceeded, but that an entirely new market will 
arise, based on the Stacked Gate Cell to maintain 
low cost-per-bit and manufacturability, and leading 
to new computer architectures. Technology devel- 
opment will allow the production of future high 
density, 16 Megabit and beyond, memories for the 
future. 


FLASH TREND 


In-system reprogrammability: 

— useful for storage of software updates 
Direct execution of software code (XIP): 
— replaces disk storage 

— substitutes shadow DRAM 

Future computers will potentially use: 

— an MPU 

— avery fast SRAM cache 


—asmall amount of DRAM for data storage 
and buffering 


—alarge amount of fast FLASH MEMORY 
— disks, only for backword compatibility 


Aknowledgement is given to the material pre- 
sented by M. MELANOTTE, R. BEZ and 
G. CRESENZA in Microelectronic Engineering 15 
(1991) which formed the basis for this review. 
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